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Abstract
The purpose of this study was to investigate the short-term impacts of the COVID-19 pandemic
and the school closures that occurred in the spring of 2020 on student learning. Using reading
and mathematics MAP Growth data from four consecutive academic years, this study compared
changes in student outcomes to determine if students, especially those who had economic
disadvantage, had different academic outcomes than their peers. Research concerning typical
student learning trajectories, patterns of summer learning loss, and existing academic
achievement gaps was used to develop the hypothesis that fifth-grade students who experienced
the pandemic would begin sixth grade significantly behind their expected level of performance.
Findings from this analysis revealed that students maintained their levels of reading achievement
but showed less than expected growth in mathematics. Socioeconomic status was identified as a
statistically significant factor impacting reading and mathematics achievement for all four
cohorts of students, whether or not they experienced the pandemic. In addition, students who
were lost to attrition began the study with lower performance than their peers. These two factors
have important implications for educators and policy makers as schools begin to reopen for
traditional, in-building instruction.
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CHAPTER 1
INTRODUCTION
Background of the Study
As the COVID-19 pandemic closed public schools across the United States in March
2020 (United Nations Educational, Scientific and Cultural Organization [UNESCO], 2020),
school leaders and teachers scrambled to transition from traditional, in-person classroom
instruction to distance learning models that included synchronous and asynchronous modes of
teaching and learning, while students and families spent the ensuing 10–12 weeks attempting to
continue students’ education from home. Coming before the traditional American summer
vacation, the COVID-19 school shutdown meant that many students would not attend school inperson for at least five months. Across the country, state governors and departments of education
were establishing protocols to manage a safe return to school in the fall of 2020. These protocols
meant that many schools would reopen following a hybrid schedule, in which students would
attend school in-person 1 or 2 days per week and engage in distance learning on the other days,
or that school buildings would remain closed and instruction would continue virtually (Centers
for Disease Control and Prevention [CDC], 2020a).
The COVID-19 school closures have raised questions of educational equity (Simmons,
2020). Prior to the disruption of the education system in the United States, evidence already
pointed to a persistent achievement gap related to income inequality (Jang & Reardon, 2019;
Reardon, 2011). A longitudinal study analyzing 50 years of results from the National Assessment
of Educational Progress (NAEP) and the Program for International Student Assessment (PISA)
found that the gap between students whose socioeconomic status was in the top 10% and
2

students whose socioeconomic status was in the bottom 10% was both large—between 1.0 and
1.2 standard deviations—and consistent across the 5 decades studied (Hanushek et al., 2019). As
a result of the pandemic, concern arose that this income-based achievement gap would expand as
children living in resource-rich homes would continue to grow academically, while students
living in poverty would stagnate or lose ground (Hattie, 2020). The lack of federally mandated
standardized tests, cancelled in the spring of 2020 due to the pandemic, further complicated the
issue since it resulted in an absence of the data traditionally used to measure student learning and
compare student academic growth for the 2019-2020 academic year (Kuhfeld & Tarasawa,
2020). School districts would have to rely on other measures of academic outcomes, including
locally administered standardized assessments and locally-developed curriculum-based
assessments, in order to determine students’ academic progress following the 10–12-week period
of disrupted instruction resulting from pandemic-related school closures.
Emergency closures of K-12 schools are not unprecedented. In 2005, schools were
disrupted for 26% of PK-12 students in Louisiana following Hurricanes Katrina and Rita (Pane
et al., 2008). The limited research conducted on student achievement in the post-hurricane period
revealed that the system was “surprisingly resilient” (Pane et al., 2008, p. 207) and that displaced
students showed small negative achievement effects. These data may not be generalizable,
however, because these students experienced additional disruptions, like loss of housing, that
caused them to relocate and enroll in brick-and-mortar schools in areas unaffected by the
disaster. Unlike the hurricane victims, however, students experiencing school closure due to the
COVID-19 pandemic were unable to transition to face-to-face instruction in other schools.
Instead, they were forced to rely on remote instructional models and continue their learning from
home.
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While the pandemic and the resulting nation-wide school closures represent an extreme
deviation from the traditional K-12 public school model, there is research concerning student
learning trajectories and academic achievement gaps which can provide insights into the
potential outcomes for students following this period of educational disruption. In the United
States, students typically attend school for four, consecutive nine-week instructional periods.
These quarterly intervals are broken up by short winter and spring breaks, and a summer recess
lasting, on average, eight to ten weeks (Pederson, 2012). Since the early 1900s, educational
researchers have sought to understand the impact of lengthy school holidays on student learning
(Pederson, 2012).
Researchers have documented the phenomenon of summer learning loss, which occurs
when a student’s learning trajectory slows over the summer months. This setback is seen across
grade-levels; has been shown to hinder students’ development in mathematics, vocabulary, and
reading comprehension; and disproportionally affects students from low socio-economic
backgrounds or who live in language minority homes (Lawrence, 2012; Lynch & Kim, 2017;
McEachin et al., 2018). Cumulative effects of summer learning loss for some students may
contribute to the achievement gap between students from low socio-economic backgrounds and
their peers (Borman & Dowling, 2006; McCombs et al., 2014). The documented magnitude of
the summer learning loss effect may vary, however, by context, content area, and student age.
For example, greater declines seem to occur more frequently for middle and high school students
than for elementary aged students and these declines appear to be more significant in
mathematics than in other content area (Hattie, 2020; Kuhfeld & Tarasawa, 2020).
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Statement of the Problem
On March 13, 2020, Governor Ralph Northam of the Commonwealth of Virginia ordered
all K-12 schools to close in response to the spread of COVID-19 (Yarmosky, 2020). Schools
remained closed for in-person instruction for the remainder of the 2020 school year. Prior to the
pandemic-related closure of Virginia schools, state-mandated standardized test results revealed a
discrepancy in pass-rates for students from economically disadvantaged backgrounds when
compared with their non-economically disadvantaged peers. According to the Virginia State
Quality Profile (Virginia Department of Education, 2019), in 2019, 87% of non-economically
disadvantaged students earned a passing score on the English Standards of Learning (SOL)
assessment, while only 65% of economically disadvantaged students did. This difference in pass
rate of more than 20-percentage points has remained steady on the English SOL assessment since
these data were first reported in 2017. A similar difference can be found when examining the
math SOL results. In 2019, there was a 17-percentage point difference in pass rate between
economically disadvantaged and non-economically disadvantaged students.
In the mid-size suburban school district in Virginia analyzed in this study, students used
paper packets, synchronous and asynchronous online lessons, and educational apps to engage in
remote learning from home. Anecdotally, teachers reported that some students and families
actively participated in remote learning, while others faced barriers including lack of a computer
or other device for remote learning, inability to connect to the Internet, and difficulty navigating
web-based platforms that impeded student participation (J. Cooley, personal communication,
June 25, 2020). Income-based achievement gaps existed in the school district prior to the closure
(Virginia Department of Education, 2019). This study investigated the short-term impacts of
pandemic-related school closure on sixth-grade students from a selected school district in order
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to determine if the academic outcomes of students from economically disadvantaged homes were
more severely impacted by the lack of in-person instruction when compared with their noneconomically disadvantaged peers. Results of this study may be used to guide decision-making
with regard to remote learning necessitated by future school closures.
Research Questions
This study addressed address the following research questions:
1. Is there a significant difference in the fall reading outcomes of sixth-grade students
who experienced the closure of schools due to the COVID-19 pandemic as compared
to the academic outcomes of students during the same time period in the three
previous school years after controlling for academic outcomes from the previous fall?
2. Is there a significant difference in the fall mathematics outcomes of sixth-grade
students who experienced the closure of schools due to the COVID-19 pandemic as
compared to the academic outcomes of students during the same time period in the
three previous school years after controlling for academic outcomes from the
previous fall?
3. Is there a significant difference in the fall reading outcomes of sixth-grade students
from economically disadvantaged homes who experienced the closure of schools due
to the COVID-19 pandemic as compared to the academic outcomes of economically
disadvantaged students during the same time period in the three previous school years
after controlling for academic outcomes from the previous fall?
4. Is there a significant difference in the fall mathematics outcomes of sixth-grade
students from economically disadvantaged homes who experienced the closure of
schools due to the COVID-19 pandemic as compared to the academic outcomes of
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economically disadvantaged students during the same time period in the three
previous school years after controlling for academic outcomes from the previous fall?
Definitions of Terms
Academic Outcome: Evidence of student learning in response to instruction. Grades and test
scores are quantitative measures of academic outcomes. In this study, academic outcomes
are measured by student performance on MAP Growth assessments.
Achievement Gap: Disparity in achievement between students of different groups. This study
focused on the achievement gap between students who were economically disadvantaged
and their peers. According to Reardon (2011), “Historically, low-income students as a
group have performed less well than high-income students on most measures of academic
success—including standardized test scores, grades, high school completion rates, and
college enrollment and completion rates” (p. 10).
COVID-19: According to the CDC (2020b), coronavirus disease 2019 (COVID-19) was a novel
virus first identified in Wuhan, China in December 2019 that caused a global outbreak
during 2020. The virus was highly contagious and spread through respiratory droplets.
The symptoms of the virus ranged from mild to severe, and in some instances were fatal.
To mitigate the spread of the virus, the CDC recommended that Americans wear masks
in public and avoid close contact with people outside of the household (Centers for
Disease Control and Prevention, 2020c).
Economically Disadvantaged: In Virginia, a student is reported to be economically
disadvantaged if they are eligible for free or reduced-price meals at school, receive
Temporary Assistance of Needy Families (TANF), or are eligible for Medicaid (Virginia
Department of Education, 2020).
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Mathematics Outcome: Evidence of mathematical learning in response to instruction. In this
study, mathematics outcomes were measured by student performance on MAP Growth
Mathematics assessments.
Measures of Academic Progress (MAP) Growth Assessments: “MAP Growth assessments are
interim adaptive tests that measure a student’s academic achievement and growth. Scores
are reported on the Rasch Unit (RIT) scale and can be used to track growth and predict
performance on state summative assessments” (Northwest Evaluation Association
[NWEA], 2019, p. 1).
Pandemic: A worldwide outbreak of a disease. In 2020, the COVID-19 virus caused a global
pandemic.
Reading Outcome: Evidence of reading learning in response to instruction. In this study, reading
outcomes were measured by student performance on MAP Growth Reading assessments.
Remote Instruction: The delivery of instruction that occurs when the teacher and students are not
present together in a physical classroom. In a remote classroom environment, teachers
may deliver live, face-to-face instruction using video conference software and/or deliver
asynchronous instruction using a learning management system, email, discussion boards,
videos, paper packets, and other resources that students access independently.
Standards of Learning (SOL): “The minimum grade-level and subject-matter educational
objectives, described as the knowledge and skills ‘necessary for success in school and for
preparation for life,’ that students are expected to meet in Virginia public schools and
specified by the Standards of Quality” (Virginia Department of Education, 2020). In
accordance with federal regulations, students are assessed on their mastery of reading and
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mathematics SOL objectives each year in Grades 3–8 and once in high school (U.S.
Department of Education, 2017).
Unplanned School Closure: An instructional day that was cancelled due to weather, natural
disaster, disease, or another unforeseen event. In 2020, the COVID-19 pandemic resulted
in the unplanned closure of schools throughout the United States for 10–12 weeks, from
the middle of March until the end of the academic year (Decker et al., 2020).

9

CHAPTER 2
REVIEW OF RELATED LITERATURE
The COVID-19 pandemic resulted in wide-spread closure of schools throughout the
United States for a period of 10–12 weeks. Because these closures are unique in both nature and
scale, it is useful to situate studies of the impact of this event within the context of other, well researched educational phenomena. An understanding of how educational researchers measure
and quantify student academic outcomes provides insight into typical student learning
trajectories and serves as a point of comparison against which to evaluate evidence of student
learning following the COVID-19-related school closures. Because students do not all
experience school in the same way (Tan, 2009) and do not have equal outcomes (Farkas, 2011),
it is necessary to consider how income inequality and gaps in opportunity were affecting student
achievement prior to the pandemic, and how, during the period of school closure, these
differences might have interacted to influence students’ short-term educational outcomes.
Additionally, understanding the effects of missed instructional days, whether caused by planned
student holidays or unplanned, disruptive events like inclement weather or natural disasters, can
help educators and policy makers predict potential effects of the disruption to public education in
the United States caused by the COVID-19 pandemic in the spring of 2020 and better provide
remedial efforts to address learning gaps that arose as a result of the pandemic.
Typical Learning Progressions
Seasonal learning research seeks to separate learning that occurs during a school year
from learning that occurs during the summer months. Studies using this design assume that
10

differences in test scores that occur between the fall and spring measure effects of both school
and non-school factors on student learning, while learning that occurs during summer months
can be attributed to non-school factors (von Hippel & Hamrock, 2019). The seasonal learning
approach typically applies a linear growth model to student learning during the school year. In
this model, each academic day is assumed to account for equal amounts of learning (Kuhfeld &
Soland, 2020). In their study of the effect of time in school on kindergartners’ academic
achievement, Fitzpatrick et al. (2011) found that students’ rate of learning per day across the
school year was constant and that the effect of an extra day of school between pre- and post-tests
had a statistically significant positive effect on academic outcomes. They suggested that
approximately two-thirds of the test score gain in an academic year (1.2 standard deviations in
reading and 0.9 standard deviations in math) could be attributed to instructional school days.
Nonlinear Growth Models
Advances in both technology and the approach to standardized testing have led to the
development of adaptive assessments that call into question the validity of linear growth models.
Older standardized tests on which much of the seasonal comparison literature is based were
typically given only once or twice per school year, in the fall or in the fall and spring (von Hippel
& Hamrock, 2019). With only one or two data points in an academic year, researchers were
forced to fit the data into linear models in order to describe and quantify student learning across
time (Kuhfeld & Soland, 2020). If all instructional days are not equal and learning occurs at
different rates throughout the school year, however, then linear models have the potential to
over- or under-estimate student learning at various periods during the year.
The features of adaptive testing have allowed researchers to begin to explore whether
academic growth trajectories are best described by linear models, or if some academic days
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account for more learning than others. Kuhfeld and Soland (2020) analyzed a national sample of
results from the MAP Growth Reading and Math assessments given to more than 7 million
students in kindergarten through eighth grade in the fall, winter, and spring of the 2017–2018
academic year. They found that across grade levels, students’ test scores grew more during the
first half of the school year than during the second half. Using a quadratic model, these data
formed a curve which revealed that the rate of learning slowed as the year progressed. In this
study, boys and Black and Hispanic students experienced a greater deceleration than their peers
in the final part of the school year after accountability testing was completed. The application of
a quadratic model of student learning has implications for how researchers and policy makers
think about issues like summer learning loss, the development of achievement gaps, and the
disruption to instruction that occurred as a result of the COVID-19 pandemic.
Academic Growth Over Time
Despite differences in standardized assessments and the methods used to interpret their
results, researchers have found some consistent patterns that describe student learning over time.
Effect sizes on standardized assessments are large in the primary grades and narrow as students
progress through school (Bloom et al., 2008; Kuhfeld & Soland, 2020; von Hippel & Hamrock,
2019). In other words, children in the primary grades learn more in an academic year than older
students, and the quantity of learning decelerates as children spend more time in school. Bloom
et al. (2008) sought to establish benchmarks for year-to-year growth using results from national
norming studies for seven standardized assessments. They found that student annual academic
growth was greater in the elementary grades. In particular, their data revealed a pattern of
academic growth that “declines at a declining rate as students move from early grades to later
grades” (p. 298). For example, the average annual gain in effect size for math from fifth to sixth

12

grade was 0.41. This gain dropped to 0.01 for students transitioning from 11th to 12th grade.
This pattern is supported by researchers who study the impact of the short-term closure of
schools on student learning. Marcotte (2006) found that students in elementary school were more
adversely impacted by unplanned school closures than students in middle school. If younger
students are estimated to experience more academic growth each year than older students, then
they also may be predicted to experience a greater loss when education is disrupted.
Academic Growth During the Transition From Elementary to Middle School
School grade configurations, and the number of associated school transitions, vary among
public school districts across the United States. The most common configuration includes two
transition points, one when students enter middle school in sixth or seventh grade, and one when
students enter high school in ninth grade (West & Schwerdt, 2012). This model allows middle
grade educators to focus on cultivating school environments that are responsive to young
adolescents’ unique developmental needs; however, the transition from elementary to middle
school has been associated with declines in academic achievement, motivation, and behavior,
and an increases in factors, like absenteeism, that are predictive of future school failure (Akos et
al., 2015; Combs et al., 2011; Cook et al., 2008; Eccles et al., 1993; Eccles & Roeser, 2009).
Transition Effects. In a longitudinal study of academic achievement of fifth-grade
students attending elementary or middle schools in Texas, Combs et al. (2011) found that fifthgrade students who had transitioned to middle school performed worse on achievement tests than
fifth-grade students who were still attending elementary school. When controlling for school
size, socioeconomic status, student mobility, and limited English proficiency, fifth-grade
students who attended K-5 elementary schools had statistically significantly higher reading and
mathematics scores than fifth-grade students who attended middle school. Over 5 years, the
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effect sizes ranged from 0.25–0.49 for reading and 0.33–0.56 for mathematics (p = .0001).
Combs et al. hypothesized that these differences may have been caused in part by the difficulty
middle school students had adjusting to a new school with unfamiliar routines, teachers, and
peers.
While Combs and colleagues (2011) focused on fifth-grade students, similar negative
effects on achievement have been found for sixth- and seventh-grade students making the
transition from elementary to middle school (Akos et al., 2015; Cook et al., 2008; West &
Schwerdt, 2012). Akos and colleagues (2015) found that students’ academic growth was
interrupted when they made the transition from elementary to middle school between fifth and
sixth grades, and that the magnitude of this effect was larger for vulnerable students, including
those who were economically disadvantaged. While all students in this study made academic
growth during sixth grade, students who had already transitioned to middle school made less
growth than expected when controlling for previous academic performance. In a longitudinal
study, West and Schwerdt (2012) showed that the declines that occurred following the middle
school transition persisted into high school.
Effects of Adolescent Development. Research into students’ typical learning trajectories
has revealed that younger students learn more each academic year than older students, making
them vulnerable to learning loss that may be predicted to occur when schools are closed for
instruction (Bloom et al., 2008; Kuhfeld & Soland, 2020; von Hippel & Hamrock, 2019). Fifthgrade students whose education was disrupted due to the COVID-19 pandemic may have been
at-risk not only because of their young age and limited, cumulative amount of schooling, but also
because of the nature of preadolescence and the stress associated with the upcoming transition to
middle school. In early adolescence, children experience a period of rapid, yet uneven, change
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and development. Children of this age begin to develop a capacity for metacognition, executive
functioning skills that allow them to make and carry out plans, and a sense of autonomy to
control their own learning, but the development of these mental processes is slow. For this
reason, the National Middle School Association (2010) argues that children in middle school
need “ongoing, concrete, and experiential learning” experiences in order to achieve academic
growth (p. 6).
The cognitive developmental patterns that will eventually lead to increased maturity also
put early adolescents at risk for decreases in motivation and school engagement and declining
academic achievement (Alley, 2019; Goldstein et al., 2015). As fifth-grade students prepare for
the transition to middle school, many experience worry, anxiety and stress. High levels of
transition stress have been linked to lower academic performance, increased test and
performance anxiety, and lack of connection to the school community (Goldstein et al., 2015). In
addition, difficulty during the transition period itself has been associated with academic
difficulties and symptoms of depression (Fite et al., 2019). Researchers concerned with early
adolescents’ instructional needs have identified factors that can mitigate the effects of this stress.
For example, positive peer relationships and supportive interactions with teachers are both
associated with positive adjustment to middle school (Fite et al., 2019).
Instructional Fit. Instructional fit is also important for early adolescents’ academic
development. Stage-Environment Fit theory suggests that “teachers should provide the optimal
level of structure for children’s maturity while providing a sufficiently challenging environment
to pull the children along a developmental path towards higher levels of cognitive and social
maturity” (Eccles et al., 1993, p. 92). Middle school students benefit from learning environments
that foster positive social interaction with peers and adults, provide structure while
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simultaneously offering choice, and value collaboration (Alley, 2019). When the classroom
environment is not responsive to students’ changing needs, then students may become
uninterested, unmotivated, or disengaged, which in turn can lead to decreased learning and
academic achievement (Alley, 2019).
Fifth-grade students who experienced COVID-19 may have experienced increased
anxiety as they prepared to transition to middle school. This stress may have put them at-risk for
decreased academic performance in sixth grade. During the period of school closure, the
governors of many states, including Virginia, instituted stay-at-home orders and mandated social
distancing practices (Decker et al., 2020). These measures may have served to isolate students
from mitigating factors, like positive relationships with peers and teachers, which are associated
with positive adjustment to middle school and academic success. Finally, the closure of schools
meant that students would not have access to a physical classroom environment that would meet
their developmental needs. This mismatch is another factor that could have made fifth-grade
students who experienced the COVID-19 pandemic prior to their transition to middle school
vulnerable to declining academic achievement.
Income-Based Achievement Gaps
Income inequality has grown in the United States over the last 50 years. According to
Reardon (2013), in 1970, families in the top decile of the income distribution earned 5 times
more than families in the bottom decile. By 2013, he estimated that this difference had increased
so that the wealthiest families earned 11 times as much as families with the lowest income. He
attributed this to economic and social changes, including a decline in economic growth, which
made upward mobility more difficult and a shift in the U.S. economy away from manufacturing
and toward information, knowledge, and technology-based enterprises, all of which placed
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importance on educational attainment. During the same period, educational policy in the United
States began to place more value on student test scores as evidence of educational achievement.
Reardon argued that these trends, combined with changes in family structures and resources, led
to increased focus on and competition for academic success, so that, by 2013, high-income
families were spending 7 times more than low-income families on their children’s educational
development.
Opportunity and Resource Gaps
Opportunity gaps that arise from income inequality can be measured by differences in
achievement test scores (Reardon, 2011), graduation rates (Farkas, 2011), and levels of
educational attainment (Duncan et al., 2017). Gaps in achievement test scores related to socioeconomic status are twice the size of gaps between Black and White students (Farkas, 2011;
Reardon, 2011) and have remained consistent for more than 50 years (Hanushek et al., 2019). In
a longitudinal studying using data from the Children of the National Longitudinal Survey of
Youth and the Early Childhood Longitudinal Study—Kindergarten Cohort, 1998-1999, Kuhfeld
et al. (2018) found that performance gaps existed between students living in poverty and those
not living in poverty starting at age 5, and that those gaps increased in a nonlinear fashion
throughout the elementary and middle school years. Furthermore, the study showed that White
students who were not living in poverty outperformed all other groups to which they were
compared and that poor White students performed about as well as Black and Hispanic students
not living in poverty. The largest gap in achievement was between White students not living in
poverty and Black students living in poverty. Together, these results suggest that, while both
race/ethnicity and poverty status are important factors, neither is sufficient to explain academic
achievement gaps.
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Students that share demographic characteristics are not homogenous. They have different
life experiences and access to different resources that, together with race/ethnicity and income
level, might paint a more nuanced picture of their academic outcomes. In a 2018 study, Paschall
et al. created a 20-year historical model of achievement that depicted the interactions between
race/ethnicity and socioeconomic status. They, too, found significant differences in achievement
based on both socioeconomic status and race/ethnicity. They identified overlapping scores
between non-poor Black and poor White students and increasingly disparate outcomes when
comparing poor Black and poor White students. The researchers posited that the different
educational outcomes experienced by children of different races and ethnicities living in poverty
may be explained by “cumulative socioeconomic circumstances” (Paschall et al., 2018, p. 1174)
such as length of time living in poverty and access to community-based support structures. In
their study, poor Black and poor Hispanic teenagers had lived in poverty for twice as long as
poor White teenagers.
Early Childhood Experiences
Family economic status has been shown to be an influential factor in children’s academic
performance as early as kindergarten (Reardon & Portilla, 2016). Researchers have shown that
cognitive differences exist between children from high- and low-income families prior to the
start of formal schooling. They attribute these differences to differences in home resources,
choice of neighborhood, sleep, nutrition, and early childhood care arrangements (Bumgarner &
Brooks-Gunn, 2020). In their 2016 study, Bassok et al. compared the early childhood
experiences of students who entered kindergarten in 1998 to those who entered kindergarten in
2010. In 1998, there were sizeable socioeconomic-status-associated gaps when measuring home
factors like access to books, technology, and the internet, the frequency of interaction with
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parents, and participation in enriching excursions. Although all parents reported providing more
structured educational experiences for their children in 2010 (for example, families at all income
levels reported owning more children’s books in 2010 than in 1998) opportunity gaps still
persisted. Children living in the wealthiest homes (the 90th percentile of the income distribution
or above) reported owning more than 130 children’s books, 26 more books than in 1998.
Children living in the least wealthy homes (the 10th percentile of the income distribution)
reported owning 52 books, 11 more than in 1998. As a result, the gap in book ownership grew by
15 books (90/10 gap in 1998: 62.853, 90/10 gap in 2010: 78.332, Change: 15.480, p < .001).
Gaps in access to formal, center-based childcare also grew during this time as children living in
lower-income households moved out of center-based childcare and into parental care.
Systemic Inequality
Structural inequalities present in society have led to unequal academic outcomes for poor
students and students of color (Hung et al., 2020). At its origins, the public education system in
the United States excluded Black children. In the 19th century, it was illegal to teach enslaved
persons to read and, in the years following the Civil War, separate schools were established to
educate Black children. Following the Supreme Court Brown vs. Board of Education decision in
1954 that mandated the integration of schools, policy decisions, like Eisenhower’s Interstate
Highway Act, led to continued segregation of neighborhoods and schools (Ladson-Billings,
2013). The problem is exacerbated by local school funding formulas based on property tax that
result in uneven distribution of resources (Jang & Reardon, 2019).
In addition to being more likely to attend underfunded schools (Ladson-Billings, 2013),
poor children are also more likely to live in households with fewer educational resources.
According to the 2016 American Community Survey Reports published by the United States
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Census Bureau, only 58% of households in the lowest income bracket had access to broadband
internet, in comparison to more than 96% of households in the top income bracket; and, only
21% of households in the lowest income bracket were highly connected, defined as having
access to broadband internet and an array of computing devices (Ryan, 2018). While results of
research on the impact of technology on educational achievement have been mixed (Bassok et
al., 2016), the use of computers and broadband internet became the primary means of accessing
public education during the period of nationwide school closures in response to the COVID-19
pandemic (Peele & Riser-Kositsky, 2020). Existing performance gaps combined with a lack of
resources necessary for accessing remote learning may have left students from economically
disadvantaged homes particularly vulnerable to learning loss caused by the school closures that
resulted from the COVID-19 pandemic.
Summer Learning Loss
The school closures resulting from the COVID-19 pandemic resulted in an average of
10–12 missed weeks of instruction for students (Peele & Riser-Kositsky, 2020). This is
approximately the same length of time as the typical summer recess in the United States.
Researchers have long attempted to document and quantify the effect of extended summer
holidays on student learning trajectories (Allington & McGill-Franzen, 2017; Borman &
Dowling, 2006). The concept of summer learning loss, when a student’s learning trajectory slows
over the summer months, may be seen across grade-levels, has been shown to hinder students’
development in mathematics, vocabulary, and reading comprehension; and disproportionally
affects students from low socio-economic backgrounds or who live in language minority homes
(Lawrence, 2012; Lynch & Kim, 2017; McEachin et al., 2018).
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A study of 3.4 million elementary and middle school students conducted by Kuhfeld
(2019) found that summer learning loss, as measured by the NWEA MAP Growth reading and
mathematics assessments, was “common and substantial” (p. 27). Between 62–73% of students’
scores dropped on the reading assessment, and between 70–78% of students’ scores dropped on
the mathematics assessment. The biggest losses occurred on the math assessment (84% of
students’ scores dropped) during the summer between fifth and sixth grades, when most students
in the United States transition from elementary to middle school. Additionally, she found that
students who made the largest academic gains during the school year had the biggest losses
during the summer.
Summer Learning Loss and Economically Disadvantaged Students
Cumulative effects of summer learning loss for some students may contribute to the
achievement gap between students from low socio-economic backgrounds and their peers
(Allington & McGill-Franzen, 2017; Borman & Dowling, 2006; McCombs et al., 2014). As part
of their longitudinal study of a multiyear summer school program, Borman and Dowling (2006)
administered reading achievement tests to primary grade students from high-poverty urban
neighborhoods. They found little evidence of learning among these students during the summer
months. In addition, their research showed that the level of parent educational attainment was
associated with learning differences among children in the study. They summarized their
findings by saying, “our results suggest that when the summer learning needs of children from
high-poverty contexts are left largely unaddressed, the children experience losses, or limited
summer achievement gains” (p. 45).
This conclusion is supported by the work of Allington and McGill-Franzen (2017). They
analyzed the 2013 National Assessment of Educational Progress (NAEP) results. Their analysis
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showed an increasing gap in reading scores based on socioeconomic status. In fourth grade,
students from economically disadvantaged homes were a year behind their non-economically
disadvantaged peers. The gap more than doubled, to 2.5 years by eighth grade, and quadrupled to
4 years by 12th grade. According to Allington and McGill-Franzen, this gap could be accounted
for by the accumulating effects of summer learning loss. They estimated that students from low
socioeconomic homes lost three months of learning each summer, which amounted to
approximately one-third of a school year. They concluded that “children from low-income
families will fall another year behind their middle-class peers roughly every three years” (p.
174). This estimate is especially concerning when considered in the context of the COVID-19
school closures that occurred in 2020. These school closures, followed by the scheduled summer
break, left students with a 6-month gap in schooling. If Allington and McGill-Franzen’s logic
were to hold true, then students from low socioeconomic backgrounds would be predicted to
have lost two-thirds of a year of reading growth upon their return to school in the fall of 2021.
Disruptions and Abnormal Learning Cycles
In March 2020, school systems and state governments began closing schools across the
country in order to mitigate the spread of COVID-19. These closures affected 50.8 million public
school students in all 50 states (Decker et al., 2020). Although this event was historic in scale,
unscheduled school closures occur frequently in school districts across the United States. In a
study designed to collect baseline data describing unplanned closures of K-12 schools in a nonpandemic period, Wong et al. (2014) found that there were 20,723 closure events affecting 27
million students and 1.7 million teachers over the 2-year study period. The majority of the
closures were short-term in nature and attributed to weather (79%) and natural disasters (14%).
Ninety-six percent of all unplanned school closures reported in this study lasted fewer than 4
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days, and, of the 4% of unplanned school closures with a duration of 4 or more days, 73%
(550/753) were caused by natural disasters, including Hurricanes Irene, Isaac, and Sandy.
Weather-Related Short-Term School Closures
Inclement weather accounts for the majority of short-term, unplanned school closures
(Wong et al., 2014). Because weather patterns can vary substantially from year to year, and the
majority of weather-related closures occur in the fall and winter (prior to the administration of
accountability assessments), researchers can document the relationship between school
performance and amount of instructional time missed due to snow and other weather-related
phenomena (Goodman, 2015). In a series of studies examining school performance in Maryland,
Marcotte (2006) and Marcotte and Hemelt (2008) found that unscheduled school closings due to
inclement weather negatively affected student performance on high stakes tests in Maryland.
This negative effect was greater for younger students, in third and fifth grade, than for older
students, in eighth grade, presumably because younger students had accumulated fewer days in
school. In other words, for third-grade students who only had attended 540 days of school since
kindergarten, as compared to eighth-grade students who had attended 1,440 cumulative days of
school, each missed instructional day represented a greater percentage of instructional time
overall.
All short-term school closures may not have the same impact, however. Marcotte and
Hemelt (2008) showed that the negative effects of short-term school closures accumulated in a
nonlinear fashion. For example, the overall effect of one missed instructional day due to
unplanned school closure on the eighth-grade reading pass rate was -0.25% (SE = 0.024, p =
0.01), but, in years in which schools accumulated 11 or 12 missed instructional days, the effect
grew to -0.49% (SE = 1.138, p = 0.01). This cumulative impact resulted in more than 5% fewer
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students passing the eighth-grade reading assessment. The nonlinear, cumulative nature of the
effect of short-term, unplanned school closures is concerning when considering the potential
impact of the nation-wide school closures in response to the COVID-19 pandemic.
Natural Disasters
Although inclement weather accounts for the majority of short-term, unplanned school
closures in the United States, natural disasters, like hurricanes and wildfires, account for the
majority of long-term school closures. In their study of unplanned school closure events in the
United States from 2011-2013, Wong et al. (2014) reported that natural disaster-related school
closure events accounted for 73% of all school closures lasting four or more days. They cited
disruptive events, like Hurricane Sandy, which closed schools in 20 states in October 2012, and
resulted in more than 13 million student-days lost. While their study was descriptive in nature,
Wong et al. pointed to evidence that suggested that communities might have been better prepared
to deal with school closures lasting fewer than four days than to deal with longer-term closures,
and, they argued that future research was needed to determine the educational and societal
impact of unplanned school closures lasting more than a few days.
Academic Impact of Hurricanes Katrina and Rita. The COVID-19 pandemic resulted
in school closures that lasted approximately 12 weeks; from the middle of March through the end
of the 2020 academic year (Peele & Riser-Kositsky, 2020). To understand the potential academic
impact of disruptive events on this scale, some researchers have studied the aftermath of
Hurricanes Katrina and Rita which closed schools and displaced students in Louisiana,
Mississippi, and Texas in 2005 (Di Pietro, 2018; Gibbs et al., 2019). Understanding the impact of
events like Hurricane Katrina may help educators better respond to the academic needs of
students affected by COVID-19 school closures.
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On August 29, 2005, Hurricane Katrina struck the Gulf Coast of Louisiana and
Mississippi (Ward et al., 2008). Less than 1 month later, on September 24, 2005, the region was
struck by Hurricane Rita (Samuels, 2005). Following these hurricanes, more than 196,000 public
school students in Louisiana were displaced or changed schools, and many displaced students
missed a month or more of school. According to Pane et al. (2008), students who reenrolled in a
different Louisiana public school following the hurricanes missed an average of 5 weeks of
school; 20% of this population missed more than seven weeks of school. According to this study,
14,400 students missed more than three months of school as a result of the hurricanes. Pane et al.
(2008) quantified the academic impact of missing 30 school days by comparing student
performance on state-mandated and nationally normed assessments before and after the
hurricanes. They found statistically significant negative effects in English for all grades. These
effects were shown to be cumulative in nature. For example, if missing 30 days of school
resulted in an effect size of -0.05 on the fifth-grade English exam, then missing 3 months of
school would result in a net loss of 0.15 standard deviations. While this effect size is generally
considered, small, Bloom et al. (2008) found an annual reading gain effect size of 0.40 from
fourth to fifth grade. This suggests that missing 3 months of school could result in a loss of more
than one-third of the academic growth expected to occur in a year. This projection assumes a
linear progression of loss, but some models suggest that loss is nonlinear and that the effects of
missed instructional days could be much larger (Kuhfeld & Soland, 2020).
Effects of Trauma Associated With Natural Disasters. In addition to the impact of
missed instructional days, researchers have also examined the impact of trauma associated with
natural disasters on students’ academic outcomes (Di Pietro, 2018; Gibbs et al., 2019). In a study
of third- through fifth-grade students whose schooling was disrupted by the Black Saturday
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bushfires in Victoria, Australia in 2009, Gibbs et al. (2019) found adverse impacts on reading
and mathematics. They contended that exposure to early childhood trauma and the development
of post-traumatic stress disorder (PTSD) caused cognitive deficits in areas like working memory,
processing speed, and executive functioning, and that these changes were at least partially
responsible for the differences in academic outcomes 2 years after the fires. Like children who
have endured adverse childhood experiences caused by natural disasters, there is an emerging
theory that children who lived through the COVID-19 pandemic may have been vulnerable to
trauma caused by social isolation and economic uncertainty (Masonbrink & Hurley, 2020),
which could have compounded negative academic effects caused by missed instruction,
especially for students living in economically disadvantaged households (Gibbs et al., 2019).
Historical Account of COVID-19
COVID-19 is a highly contagious virus that can cause a wide range of symptoms from
mild-flue-like illness to severe respiratory disease that can result in hospitalization or death
(CDC, 2020b). The novel disease was first identified in Wuhan, China in December of 2019, and
in January 2020, the first death due to COVID-19 was reported (Taylor, 2021). The virus spread
so rapidly that, on January 30, 2020, The World Health Organization declared the outbreak a
Public Health Emergency of International Concern, and by February 28, 2020, there were 80,000
confirmed cases worldwide (Cucinotta & Vanelli, 2020). On March 11, 2020, the spread of
COVID-19 was declared a global pandemic by the World Health Organization (Cucinotta &
Vanelli, 2020).
In the United States, 14 cases of COVID-19 were identified between January 21 and
February 23, 2020, and all of these cases were related to travel from China (Jorden et al., 2020).
On February 26, 2020, the first nontravel-related case of COVID-19 was identified in the state of
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Washington (Jorden et al., 2020). During a 3-week period in late February and early March, the
number of COVID-19 cases in the United States increased more than 1,000 times, as the spread
of the virus was accelerated by large gatherings, including the Mardi Gras celebration in New
Orleans, the introduction of the virus into high-risk settings, like meat packing plants and nursing
homes, and transmission by asymptomatic people (Schuchat, 2020).
Reduced Educational Opportunity Resulting From the COVID-19 Pandemic
Amid concern about the rapid spread of the novel coronavirus disease, school systems
across the country began to respond. On March 12, 2020, Ohio was the first state to announce
temporary school closures; 15 other states soon followed, and on March 16, 2020, Kansas was
the first state to announce that its schools would stay closed through the remainder of the
academic year. By March 25, 2020, all public schools in the United States had announced at least
temporary closures, and by the beginning of May, all states, excluding Wyoming and Montana,
announced that their school buildings would remain closed for the remainder of the 2019-2020
school year (Decker et al., 2020).
Remote Learning: Preparation and Access. COVID-19 related school closures were
sudden and unexpected. School closures forced teachers, students, and families to pivot from
traditional, in-person teaching and learning to emergency, remote instruction without time to
prepare the infrastructure or provide training for teachers and students. A survey of 1,165 school
leaders conducted March 10–11, 2020 by the EdWeek’s Research Center revealed that 41% of
districts were not prepared to provide remote learning for all of their students, and of those
districts that could provide remote learning, nearly 30% indicated that they could not sustain it
for more than a few weeks (Cavanagh, 2020); and, data from the American Instructional
Resources Surveys conducted in the spring of 2020 revealed limited time spent by districts
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preparing teachers to deliver remote instruction effectively; 28% of principals who participated
in this survey reported that their districts offered just 1–5 hours of training in remote
instructional delivery and 17% reported offering no training at all (Doan et al., 2020).
Across the Unites States, school districts struggled to provide equitable educational
opportunities for their students, and student attendance and engagement declined. According to a
survey by the American Association of School Administrators, while schools were closed,
districts provided distance learning through a variety of means, including texts and phone calls
home to families (92%), webinars/videocasts (89%), work packets (83%), online tests and
quizzes (71%), interactive whiteboards and online platforms (75%), and instant grading and
feedback (25%). In the same survey, school leaders reported that their districts struggled to
equitably provide remote special education and related services (83%), access to online learning
platforms (55%), and devices for all students who need them (28%; Rogers & Ng, 2020).
Despite the efforts of school districts to provide access to electronic devices and Internet
services to connect students to remote learning, nationally, only 49% of teachers responding to
the American Instructional Resources Surveys in the spring of 2020 indicated that nearly all of
their students had access to the internet at home (Doan et al., 2020). Their responses revealed
gaps in internet access that impacted vulnerable populations. Fewer than one-third of teachers
teaching in high-poverty schools, in which more than 75% of students were eligible to receive
free or reduced-price lunch, reported that nearly all of their students had internet access at home
in comparison with 83% of teachers teaching in low-poverty schools, in which 25% or fewer
students were eligible for free and reduced-price lunch. These data align with research conducted
prior to the pandemic, which showed that internet access was not universal and that disparities in
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access were associated with family income, level of parents’ educational attainment, and
students’ race/ethnicity (KewalRamani et al., 2018; Ryan, 2018).
Remote Learning: Instruction and Engagement. In addition to a lack of internet
connectivity, students’ access to educational opportunity during the period of COVID-19-related
school closures may have been further reduced by a lack of new instruction in schools.
According to the results of a survey of more than 900 teachers and district leaders conducted by
EdWeek’s Research Center on May 6 and 7, 2020, 69% of teachers reported spending less time
teaching new content to their students following the COVID-19-related school closures, while
59% spent more time reviewing previously taught material and 87% spent more time helping
students troubleshoot problems with technology than they had prior to the pandemic (Herold &
Kurtz, 2020). In the same survey, teachers reported that the time students spent engaged in
learning each day had dropped from 6 hours prior to the pandemic to 3 hours, and teachers of
students in high-poverty schools reported that their students were spending just 2 hours per day
engaged in learning (Herold & Kurtz, 2020).
During the period of COVID-19-related school closures, student engagement suffered as
well (Herold & Kurtz, 2020). Nearly half of the teachers that responded to the American
Instructional Resources Surveys survey in the spring of 2020 reported that 50% or more of their
students failed to complete assignments, and 63% of teachers reported lack of two-way
communication with students’ families (Doan et al., 2020). Truancy, mobility, and attrition were
concerns as well. The Los Angeles Unified School District reported that one-third of high school
students did not check in with their teachers daily, and the high schools had completely lost
touch with as many as 15,000 students, 12.5% of the high school population (Blume & Kohli,
2020).
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Continuity for Learning in Virginia
In the Commonwealth of Virginia, Governor Northam announced the closure of all
Virginia schools on March 13, 2020. Schools would remain closed for the remainder of the
academic year. While physical school buildings were closed, the Virginia Department of
Education stressed that schools were still open and that learning would continue. The Virginia
Department of Education (VDOE) established a Continuity for Learning Task Force to provide
local school districts guidance to ensure that all students’ needs would be met, in spite of the
unprecedented closure of schools for in-person instruction. Several recommendations emerged
from their work, including:
•

Students’ social and emotional needs should be a priority for educators. The task
force recognized that students and their families were under stress as a result of the
pandemic and the closure of schools.

•

Educators should identify the most essential knowledge and skills for students to
continue learning and should be cautious of increasing learning gaps.

•

Schools should recognize that not all families have access to the same resources and
supports. Instruction should be differentiated to meet students’ needs and be
accessible, regardless of a student’s access to technology or the Internet.

•

Educators should provide regular, consistent feedback to support students’ learning.
The task force did not recommend issuing grades; instead, it encouraged teachers to
provide feedback and to focus on building relationships with students who may feel
isolated. (Continuity for Learning Task Force, 2020)

In response to the Continuity for Learning Task Force recommendations, school districts
delivered instruction using a combination of paper packets, synchronous video conference
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meetings, and asynchronous instructional modules posted in existing online platforms for the
remainder of the 2019–2020 school year.
Because mandatory state testing was cancelled for all students in Virginia, the impact of
the governor-mandated closure of schools on students’ academic outcomes is difficult to assess,
yet necessary to understand. Without access to a vaccine for COVID-19, instruction in school
continued to be disrupted. At the start the 2020–2021 school year, 49% of school districts in
Virginia planned to deliver instruction remotely through virtual platforms. The other 51%
offered hybrid instruction, which included a combination of some in-person and some remote
learning and the option for families to choose fully remote learning for the entire academic year
(Virginia Public Access Project, 2020). In order to understand how to best meet all students’
academic needs and to ensure equitable access to public education at a time when instructional
delivery models are changing, it is important for educators and state and local policy makers to
understand the effect of the 2020 COVID-19 school closure on Virginia’s students.
Summary
In the spring of 2020, COVID-19-related school closures affected more than 50 million
public school students in all 50 states (Decker et al., 2020). While schools closed for traditional,
in-person instruction, attempts were made across the nation to continue to engage students in
learning using a variety of remote instructional methods, including work packets, video
conferences, and online learning platforms. This rapid shift in the delivery of education raises
questions of equity and access. For example, internet access is not equitably distributed
throughout the United States. According the 2016 American Community Survey Reports
published by the United States Census Bureau, only 58% of households in the lowest income
bracket had access to broadband internet, in comparison with more than 96% of households in
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the top income bracket; only 21% of households in the lowest income bracket were highly
connected, defined as having access to broadband internet and an array of computing devices
(Ryan, 2018).
To further complicate matters, measures put in place to reduce the spread of COVID-19
had economic impacts. In Virginia, there was a net job loss of 7.9% from February to July of
2020. The hospitality and leisure industry, which are both important economic drivers in the
community surrounding the school district in this study, accounted for more than one-third of all
jobs lost (Ettlinger & Hensley, 2020). There is concern that the instability of some students’
socioeconomic situation may have contributed to an inability to access or engage with remote
instruction.
Research about typical learning trajectories reveals that students’ learning grows at
different rates depending upon a students’ age and cumulative days spent in school. Fifth-grade
students facing the transition to middle school may have been especially vulnerable to the effects
of the COVID-19-related school closures because of their young age, their limited time spent in
school, and the negative impact of the transition from elementary to middle school on academic
achievement (Akos et al., 2015; Combs et al., 2011; Kuhfeld & Soland, 2020). For these reasons,
fifth-grade students transitioning to middle school during the pandemic were the focus of this
study.
There is emerging evidence that has begun to shed light on the impact of the pandemic
pause of in-person instruction on student learning. In a research brief published in April 2020,
Kuhfeld and Tarasawa used extant, pre-COVID data to predict potential impacts of the COVID19 school closures. The used models of students’ typical learning trajectories to predict what
would happen if student learning plateaued from March to September and what would happen if
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student learning declined at the rate observed during a typical summer break. The plateau model
showed that students would enter school September at much the same place as they would have
following a typical school year and summer break. In this model, little to no learning would be
lost. In contrast, the summer slide model predicted significant declines in both math and reading,
especially in the elementary grades.
The following study tested this prediction in order to determine if there were significant
differences in academic outcomes for sixth-grade students who experienced the COVID-19related school closures in the spring of fifth grade, and to determine if students from
economically disadvantaged households were impacted differently by the pandemic than their
peers.
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CHAPTER 3
METHODS
In order to begin to understand the impacts on student learning of the closure of schools
due to the COVID-19 pandemic, this research study conducted a statistical analysis of the
reading and mathematics outcomes, as measured by the NWEA MAP Growth assessment, of
students as they transitioned from fifth to sixth grade across four distinct academic years. This
research study is grounded in a postpositivistic world view. Postpositivism is defined by a belief
that “the social world can be studied in the same way as the natural world, that there is a valuefree method for studying the social world, and that explanations of a casual nature can be
provided” (Mertens & Wilson, 2012, p. 560). This study applied a quantitative, quasiexperimental design in order to identify if there were differences in the learning patterns of
students that could be associated with the COVID-19 pandemic-related closure of schools.
Participants
This study focused on student academic performance from the fall of fifth grade to the
fall of sixth grade in a mid-sized suburban school district in Virginia. The school district has an
enrollment of approximately 12,000 students in kindergarten through 12th grade. Approximately
35% of the district’s students are economically disadvantaged (Virginia Department of
Education, 2019) In 2019, prior to the pandemic, the school district had nine elementary schools,
four middle schools, and three high schools. In 2020, as part of its health mitigation strategy, the
school district added three virtual academies for students in K-5, 6-8, and 9-12 whose parents
elected for them to participate in virtual, rather than in-person, instruction for the entire academic
year. Regardless of the self-selected instructional pathway, all students began the 2020-21 school
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year remotely to mitigate the spread of the COVID-19 virus, and they remained in a remote
instructional model for the duration of the study.
All students enrolled in fifth grade and attending school in the school district in the falls
of 2016, 2017, 2018, and 2019 were included in the study. See Table 1 for fifth- and sixth-grade
student enrollment by year.
Table 1
Fifth- and Sixth-Grade Student Enrollment by Year
Grade

2016

2017

2018

2019

2020

5

890

884

875

856

798

6

894

860

898

886

827

Note. From Virginia Department of Education. (n.d.). Fall membership build-a-table [Data set].
https://p1pe.doe.virginia.gov/apex/f?p=180:1:6785813641059:SHOW_REPORT

Data Sources
To answer my research questions, I collected the following descriptive data from school
district’s Student Record Collection submitted annually to the state department of education:
student identification number, fifth-grade school enrollment, sixth-grade school enrollment,
gender, race/ethnicity, socioeconomic status, and special education status. In addition, I collected
interval test score data from Northwest Evaluation Association Measures of Academic Progress
(NWEA MAP) Growth assessments for reading and mathematics.
Student Information System
At the time of this study, the school district used Edupoint (2020) Synergy Student
Information System to house and maintain student records and to create the Student Record
Collection file. The Synergy Student Information System was developed in 2005 (Edupoint,
2020) and had been used by the school district to maintain and store student data since 2014 (P.
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Bowen, personal communication, July 15, 2020). Synergy Student Information System
maintained historical records of student enrollment and housed demographic information, like
race/ethnicity, socioeconomic status, and special education status.
NWEA MAP Growth
NWEA MAP Growth is a commercially developed assessment system for reading and
mathematics (NWEA, 2019) that is designed to measure academic achievement and changes in
learning over time of students from kindergarten through 12th grade. Each assessment takes
approximately 1 hour for students to complete and is designed to be administered 3 times per
academic year, in the fall, winter, and spring (NWEA, 2019). The assessments’ multiple-choice
questions are computer adaptive, meaning that item difficulty changes with each correct or
incorrect response. Question pools for the MAP Growth assessment are customized to align with
state standards (NWEA, 2019). This study used results from MAP Growth assessment question
pools aligned to the Virginia Standards of Learning.
MAP Growth assessments are designed using the Rasch model, an Item Response Theory
measurement scale, that considers the relationship between a student’s achievement level and an
item’s level of difficulty (NWEA, 2019; Thum & Kuhfeld, 2020). Because scores are reported
using an equal interval Rasch Unit (RIT) score, and because test items are drawn from the same
question pools, student outcomes on MAP assessments can be compared over time (NWEA,
2019).
MAP Growth Reading. MAP Growth Reading assessments assess vocabulary, reading
comprehension, and understanding of fictional genres and informational text. Two forms of the
MAP Growth reading assessment were used in this study: MAP Growth Reading 2-5 and MAP
Growth Reading 6+. The assessment is divided into two forms to ensure that students have
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access to age-appropriate materials. For example, the 6+ test form is designed to ensure that
older students reading below-grade-level will not encounter “overly juvenile” passages (NWEA,
2019, p. 12). Likewise, the 2-5 test form is designed to ensure that advanced readers will
encounter age-appropriate complex text (NWEA, 2019). The MAP Growth Reading 2-5 and
MAP Growth Reading 6+ assessments were found to have high test-retest alternate forms
reliability (r = 0.814, N = 509) when fifth-grade students in Virginia took the 2-5 form in the
spring and the 6+ form the subsequent fall (NWEA, 2011). A more recent study found similarly
strong reliability coefficients for a national sample of fifth-grade students (NWEA, 2019; see
Table 2).
Table 2
MAP Growth Reading Test-Retest Alternate Forms Reliability Grade 5 National Sample

Fall 2016–Winter 2017

Winter 2017–Spring 2017

Spring 2017–Fall 2017*

N

Reliability

N

Reliability

N

Reliability

308,664

0.863

316,185

0.864

259,945

0.855

Note. MAP = Measures of Academic Progress
*The Spring 2017 – Fall 2017 data point represents the cohort’s transition from fifth to sixth grade and
from the 2-5 to the 6+ test forms.

NWEA (2019) established concurrent validity for the MAP Growth Reading assessment
by measuring the correlation between MAP Growth RIT scores and Virginia SOL reading
assessment scores. This report also established predictive validity for the MAP Growth Reading
assessment by showing that RIT scores can be used to accurately classify students into SOL
proficiency bands (see Table 3)
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Table 3
Correlation and Classification Accuracy: NWEA MAP Growth and Virginia Standards of
Learning Reading Assessments

Grade

N

r

Classification
Accuracy

5

1,556

0.75

0.83

0.08

0.09

6

1,249

0.77

0.89

0.10

0.08

False Positives

False Negatives

Note. NWEA MAP = Northwest Evaluation Association Measures of Academic Progress

MAP Growth Mathematics. MAP Growth Mathematics assessments assess number and
number sense, computation and estimation, measurement and geometry, patterns, functions and
algebra, and probability and statistics. Two forms of the MAP Growth mathematics assessments
were used in this study: MAP Growth Mathematics 2-5 and MAP Growth Mathematics 6+. The
assessment is divided into two forms to account for students’ developmental needs, while also
offering students the ability to access questions aligned to content above and below their current
grade-level standards (NWEA, 2019). The MAP Growth Mathematics 2-5 and MAP Growth
Mathematics 6+ were found to have high test-retest reliability (r = 0.814, N = 509) when fifthgrade students in Virginia took the 2-5 test in the spring and the 6+ test the subsequent fall
(NWEA, 2011). A more recent study found similarly strong reliability coefficients for a national
sample of fifth-grade students (NWEA, 2019; see Table 4).
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Table 4
MAP Growth Mathematics Test-Retest With Alternate Forms Reliability Grade 5 National
Sample

Fall 2016–Winter 2017

Winter 2017–Spring 2017

Spring 2017–Fall 2017*

N

Reliability

N

Reliability

N

Reliability

312,928

0.904

319,027

0.907

264,228

0.898

Note. MAP = Measures of Academic Progress
*The Spring 2017 – Fall 2017 data point represents the cohort’s transition from fifth to sixth grade and
from the 2-5 to the 6+ test forms.

NWEA established criterion validity for its MAP Growth Mathematics assessments by
correlating them with Virginia’s Standards of Learning Mathematics tests (NWEA, 2020a). This
linking study found a high correlation between performance on the MAP Math Growth
assessment and the Virginia SOL assessment for fifth- and sixth-grade students. The study also
established predictive validity for the MAP Growth Mathematics assessment by showing that
RIT scores can be used to accurately classify students into SOL proficiency bands (see Table 5).
Table 5
Correlation and Classification Accuracy: NWEA MAP Growth and Virginia Standards of
Learning Mathematics Assessments

Grade

N

r

Classification
Accuracy

False Positives

False Negatives

5

3,599

0.84

0.90

0.20

0.07

6

4,171

0.85

0.89

0.26

0.06

Note. NWEA MAP = Northwest Evaluation Association Measures of Academic Progress
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Data Collection
With permission from the school district, I collected the archived data needed for this
study. First, from the annual Student Record Collection files, the school division provided rosters
of all students enrolled in fifth grade in the school district in 2016, 2017, 2018, and 2019 and in
sixth grade in 2017, 2018, 2019, and 2020 from the student information system. These rosters
included the following demographic information: student identification number, race/ethnicity,
socioeconomic status, special education status, and school enrollment. School enrollment status
was used to identify and exclude students who received services from the school district, but who
were not enrolled and attending an elementary school in the school district. Thus, children with
individualized service plans who attended private school or received homeschool instruction, but
were not registered as students in the school district, were excluded from the study.
From the NWEA MAP Growth administrator website, I downloaded the comprehensive
data file for each cohort, content area, and testing window included in the study (see Table 6).
Due to the closure of schools resulting from the COVID-19 pandemic, Cohort 4 was missing
MAP Growth data that was scheduled to be collected during the spring of 2020.
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Table 6
Proposed Cohort Data Collection for Reading and Math MAP Growth Assessments

Cohort

Fifth-Grade
Year

Sixth-Grade
Year

MAP Growth
2-5 Pre-Score

MAP Growth
2-5 MidScore 1

MAP Growth
2-5 MidScore 2

MAP Growth
6+ PostScore

1

2016-17

2017-18

Fall 2016

Winter 2017

Spring 2017

Fall 2017

2

2017-18

2018-19

Fall 2017

Winter 2018

Spring 2018

Fall 2018

3

2018-19

2019-20

Fall 2018

Winter 2019

Spring 2019

Fall 2019

4a

2019-20

2020-21

Fall 2019

Winter 2020

---

Fall 2020

Note. MAP = Measures of Academic Progress
a Cohort 4 represents students in fifth-grade in 2019-2020 and who experienced the COVID-19-related
closure of schools from March–June 2020.

The data files collected from the Student Record Collection and NWEA MAP Growth
were merged to create a data set for each cohort that contained the following information:
•

Student identification number

•

Enrolled school, fifth grade

•

Enrolled school, sixth grade

•

Gender

•

Race/ethnicity

•

Socioeconomic status

•

Special education status

•

MAP Growth Reading RIT scores for four testing periods: Fall Grade 5, Winter
Grade 5, Spring Grade 5, Fall Grade 6

•

MAP Growth Mathematics RIT scores for four testing periods: Fall Grade 5, Winter
Grade 5, Spring Grade 5, Fall Grade 6
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Data Analysis
To analyze the learning patterns of fifth-grade students from four different cohorts, I
employed a combination of descriptive and inferential statistics. First, I described the
demographics of each cohort in terms of sample size, percentage of students by gender,
percentage of students by race and ethnicity, and percentage of students who were economically
disadvantaged. I also used descriptive statistics to capture the change in population from one fall
to the next. This allowed me to describe how the population of each cohort changed as they
transitioned from fifth to sixth grade and to identify if differences occurred among groups that
could introduce bias. To accomplish this, I used descriptive statistics to describe the students
remaining in each cohort’s population in the fall of sixth grade. In addition, I described the
students whose data were missing in the fall of sixth grade in terms of subpopulation size,
percentage of students by gender, percentage of students by race and ethnicity, and percentage of
students who were economically disadvantaged. Comparisons were made between cohorts to
determine whether fifth- to sixth-grade data patterns were the same.
After describing each cohort in terms of demographics, I described each cohort’s reading
and mathematics outcomes on the NWEA MAP Growth assessment for each of the four testing
periods: fall of fifth grade, winter of fifth grade, spring of fifth grade, and fall of sixth grade. For
each content and testing period, I used SSPS to calculate the mean and standard deviation of the
cohort’s RIT scores and associated percentile ranks.
The school district in this study typically administered MAP Growth assessments three
times per academic year: at the end of September, in January, and in April. Due to disruptions in
the delivery of instruction in response to the COVID-19 pandemic, however, Cohort 4 differed
from the other cohorts in terms of test administration. First, Cohort 4 did not have test scores for
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the spring of fifth grade as the assessment was not administered due to the closure of schools
resulting from the pandemic. Second, Cohort 4 students began their sixth-grade year in a remote
instructional model. The fall 2020 testing window occurred at the end of October, approximately
four weeks later than in previous academic years, and assessments were given remotely. From
home, students logged into secure, proctored test sessions to participate in the assessments. In a
technical brief published in the fall of 2020, NWEA found this method of remote testing to be
reliable for students in Grades 3-8 (Kuhfeld, Lewis, et al., 2020).
Research Questions 1 and 2: Are there significant differences in the fall reading and
mathematics outcomes of sixth-grade students who experienced the closure of schools due to
the COVID-19 pandemic as compared to the academic outcomes of students during the same
time period in the three previous school years after controlling for academic outcomes from
the previous fall?
My first two research questions sought to determine if there was a significant difference
in the September reading and math outcomes of Cohort 4 students who experienced the closure
of schools due to the COVID-19 pandemic as compared to the fall reading and math outcomes of
three cohorts of students whose schooling was uninterrupted by the pandemic. In order to answer
these questions, I used SSPS to analyze the Rasch Unit (RIT) scores and percentile ranks of
students for each data set (reading and math for each cohort). I calculated a two-way analysis of
variance (ANOVA) to compare scores over time (Fall 1 to Fall 2) by yearly cohort (Cohort) and
test the null hypothesis that the means of each cohort were equal over time. If the null hypothesis
was not true, and the F statistic produced by the ANOVA indicated that there were statistically
significant differences among the means, then I would create visual models of the data to
illustrate the interaction pattern. If there were large, significant differences in cohort scores at
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that point, fifth-grade scores would be used as covariate in the analysis of sixth-grade
differences.
Research Questions 3 and 4: Are there significant differences in the fall reading and
mathematics outcomes of sixth-grade students from economically disadvantaged homes
who experienced the closure of schools due to the COVID-19 pandemic as compared to the
academic outcomes of economically disadvantaged students during the same time period in the
three previous school years after controlling for academic outcomes from the previous fall?
My second set of research questions focused on the pattern of academic outcomes of
students who were economically disadvantaged in order to determine if there was a significant
difference in the fall reading and math outcomes of economically disadvantaged students in
Cohort 4 who experienced the closure of schools due to the COVID-19 pandemic as compared to
the September reading and math outcomes of economically disadvantaged students in the other
three cohorts whose schooling was uninterrupted by the pandemic. In order to answer these
questions, I used SSPS to analyze the RIT scores and percentile ranks of students for each data
set (reading and math for each cohort). I calculated a three-way analysis of variance (ANOVA)
to compare scores over time (Fall 1 to Fall 2) by yearly cohort (Cohort) and socioeconomic
status and test the null hypothesis that the means of each cohort were equal over time. If the null
hypothesis was not true, and the F statistic produced by the ANOVA indicated that there were
statistically significant differences among the means, then I would create visual models of the
data to illustrate the interaction pattern. If there were large, significant differences in cohort
scores at that point, fifth-grade scores would be used as covariate in the analysis of sixth-grade
differences.
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Table 7
Evaluation Questions, Data Sources, and Data Analysis
Evaluation Question
1. Is there a significant difference in the fall reading
outcomes of sixth-grade students who
experienced the closure of schools due to the
COVID-19 pandemic as compared to the
academic outcomes of students during the same
time period in the three previous school years
after controlling for academic outcomes from the
previous fall?
2. Is there a significant difference in the fall
mathematics outcomes of sixth-grade students
who experienced the closure of schools due to the
COVID-19 pandemic as compared to the
academic outcomes of students during the same
time period in the three previous school years
after controlling for academic outcomes from the
previous fall?
3. Is there a significant difference in the fall reading
outcomes of sixth-grade students from
economically disadvantaged homes
who experienced the closure of schools due to the
COVID-19 pandemic as compared to the
academic outcomes of economically
disadvantaged students during the same time
period in the three previous school years after
controlling for academic outcomes from the
previous fall?

•

•

Data Sources
Student Record
Collection:
Demographic Data
NWEA MAP
Growth Reading
Score Report

•
•

•
•

•

•

•

Student Record
Collection:
Demographic Data
NWEA MAP
Growth
Mathematics Score
Report

•

Student Record
Collection:
Demographic Data
NWEA MAP
Growth Reading
Score Report

•

•

•

•

•

Data Analysis
Descriptive
Statistics
Measures of
Central
Tendency (M,
SD)
ANOVA
Descriptive
Statistics
Measures of
Central
Tendency (M,
SD)
ANOVA
Descriptive
Statistics
Measures of
Central
Tendency (M,
SD)
ANOVA

4. Is there a significant difference in the fall
• Student Record
• Descriptive
mathematics outcomes of sixth-grade students
Collection:
Statistics
from economically disadvantaged homes
Demographic Data • Measures of
who experienced the closure of schools due to the • NWEA MAP
Central
COVID-19 pandemic as compared to the
Growth
Tendency (M,
academic outcomes of economically
Mathematics Score
SD)
disadvantaged students during the same time
Report
• ANOVA
period in the three previous school years after
controlling for academic outcomes from the
previous fall?
Note. NWEA MAP = Northwest Evaluation Association Measures of Academic Progress; ANOVA =
Analysis of Variance
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Delimitations, Limitations, Assumptions
Delimitations
The scope of this study was limited to four cohorts of fifth-grade students enrolled in one
suburban school district in the Commonwealth of Virginia. The study did not consider the
academic outcomes of students at other grade-levels, nor did it analyze the outcomes of students
who lived and attend school in other communities, including communities that were more urban
or more rural than this district.
In addition, this study focused on quantitative measures to describe student demographic
and enrollment patterns and to quantify student learning. This study looked for changing patterns
in demographics, enrollment, and student learning associated with the closure of schools in the
spring of 2020 due to the COVID-19 pandemic but did not attempt to determine what factors
contributed to these changes.
Finally, this study focused on potential interactions between cohort membership,
assessment results, and economic status. Economic status is an anonymous demographic
indicator, meaning teachers, administrators, and other students do not have access to this
sensitive information and cannot easily identify which students carry the economically
disadvantaged label. The study cohorts were built by sampling entire populations of students at a
particular grade-level. In order to protect the privacy of the participants, more visible
demographic indicators like race and ethnicity, were excluded from analysis.
Limitations
There were several limitations of this study. First, the gold standard in research is
experimental design. Because of the nature of educational research and the unique impact of the
COVID-19 pandemic on public education, the population of each cohort was not able to be
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assigned randomly. The quasi-experimental design of this study cannot prove causality but can
show a relationship between the COVID-19-related school closures and a change in student
learning outcomes.
Limitations to this study also arose from variations in test administration from cohort to
cohort. While NWEA MAP Growth does factor the number of instructional days into the
computation of student percentile rank (NWEA, 2019), it is important to note that, because
instruction continued to be delivered remotely, the testing window in the fall 2020 occurred
several weeks after the typical fall testing window in this school district. In addition, due to the
remote nature of instructional delivery in the fall of 2020, students were administered the MAP
Growth assessment remotely. Students took the tests from home, and the test sessions were
proctored by teachers and other school staff using a video conference platform. NWEA
addressed the issue of validity and reliability of MAP Growth testing administered in remote
environment in a technical brief published in the fall of 2020 (Kuhfeld, Lewis, et al., 2020).
Kuhfeld, Lewis, et al. found that there was high reliability, high test-retest correlations, and
similar score trends when students in Grades 3–8 took the MAP Growth assessments remotely,
giving them “confidence in the quality of data from remote assessments” (p. 8).
Assumptions
For this study to be relevant, I made the assumption that RIT scores and percentile rank
on the MAP Growth assessment were proxies for student learning. In other words, I assumed that
a score on this assessment represented how much a student knew and that a higher score meant
that more learning had taken place.
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Ethical Considerations
This research proposal was approved by the Institutional Review Board (IRB) at the
College of William and Mary to ensure compliance with ethical standards. Following the school
district’s protocol, I applied for permission to gather and analyze the archival data needed for this
study. There were no active participants. To protect the participants in my study, student names
were removed from each data set, and student identification numbers were used to match
demographic information downloaded from the Student Information System to test scores
downloaded from NWEA. Data was stored in a password protected Microsoft Excel document.
This study relied on archived electronic data. There were no physical artifacts, like paper surveys
or transcripts, to store or that required disposal.

48

CHAPTER 4
FINDINGS
The purpose of this study was to investigate the academic impact of the closure of
schools in March 2020 due to the COVID-19 pandemic. To understand the short-term effects of
this unplanned event on student learning, I analyzed the MAP Growth test scores in reading and
mathematics of four cohorts of students from four different academic years. In this chapter, I first
present a descriptive overview of the cohorts, test scores, and results of the analyses I conducted,
organized by research question.
Description of the Cohorts
Participants in this study were fifth-grade students registered to attend school in one
school district as reported to the State Department of Education in the school district’s annual
Student Record Collection. Participants were divided into cohorts based on fifth-grade
enrollment year:
•

Students in Cohort 1 enrolled in fifth grade in 2016.

•

Students in Cohort 2 enrolled in fifth grade in 2017.

•

Students in Cohort 3 enrolled in fifth grade in 2018.

•

Students in Cohort 4 enrolled in fifth grade in 2019 and experienced the COVID-19
pandemic-related closure of schools in the spring of 2020.

Descriptive statistics were computed to create a picture of each cohort in terms of population
size, gender, race, ethnicity, special education services, and economic disadvantage (see Table
8). Each cohort contains 850–900 students. More than one-third of the students in each cohort
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experience economic disadvantage. Based on the demographics, the cohort groups are very
similar in composition.
Table 8
Demographic Characteristics of Cohorts

Demographic
characteristic
Gender
Male
Female
Race
American Indian or
Alaskan Native
Asian
Black or African
America
Multiple Races
White
Ethnicity
Hispanic
Non-Hispanic
Economic status
ED
All other students
Special Education
IEP
504
No services
Total Population

Cohort 1
16-17

Cohort 2
17-18

Cohort 3
18-19

Cohort 4
19-20
COVID-19
N
%

N

%

N

%

N

%

464
428

52.0
48.0

473
389

54.9
45.1

426
445

48.9
51.1

451
421

51.7
48.3

36

4.0

40

4.6

47

5.4

40

4.6

24

2.7

25

2.9

31

3.6

33

3.2

173

19.4

156

18.1

158

18.1

151

18.2

70
588

7.8
65.9

69
570

8.0
66.1

93
540

10.7
62

77
571

8.8
64.9

103
789

11.5
88.5

119
743

13.8
86.2

117
754

13.4
86.6

119
753

13.6
86.4

333
559

37.3
62.7

326
536

37.8
62.2

365
506

41.9
58.1

323
549

37
63.0

141
22
729
892

15.8
2.5
81.7

123
24
715
862

14.3
2.8
82.9

130
18
723
871

14.9
2.1
83.0

133
12
727
872

15.5
1.4
83.4

Note. IEP = Individualized Education Program; ED = economic disadvantage as reported in the annual
Student Record Collection

Description of MAP Growth Scores
MAP Growth scores were collected for each cohort during four distinct testing periods:
fall of fifth grade, winter of fifth grade, spring of fifth grade, and fall of sixth grade. Cohort 4,
whose students experienced COVID-19, is missing data from the spring testing window due to
the pandemic-related closure of schools. Scores on MAP Growth assessments are reported on an
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equal interval Rasch Unit (RIT) scale and can be compared over time and across cohorts
(NWEA, 2019). Because the RIT scale is unique to this assessment and may not be easily
interpretable, percentile rank can be useful for putting RIT scores into context. Descriptive
statistics are reported in Tables 9–12.
On both the reading and mathematics assessments, mean test scores for all testing
windows placed above the national average. For example, NWEA (2020b) reported that the
national achievement norm for fifth-grade students in the fall testing window on the MAP
Growth Reading assessment was 204.46, with a standard deviation of 16.38. All four cohorts in
this study had mean RIT scores ranging from 211–212, with standard deviations ranging from
12.8–14.3. These mean RIT scores fell above the 63rd percentile nationally and were comparable
to the national achievement norm for fifth-grade students when they were tested in the spring. On
the mathematics assessment, all four cohorts had mean RIT scores ranging from 215–216, with
standard deviations ranging from 13.2–13.9. Like reading, these mean RIT scores fell above the
63rd percentile, which is above the national achievement norm in the fall testing window for
fifth-grade students reported by NWEA and comparable to the fall national achievement norm
for sixth-grade students when tested in the fall (M = 214.8, SD = 16.12; NWEA, 2020b). See
Figure 1 for a complete listing of national achievement norms reported by NWEA.
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Table 9
MAP Growth Reading: RIT Score Means
Fall Grade 5

Winter Grade 5

Spring Grade 5

Fall Grade 6

Cohort

M

N

SD

M

N

SD

M

N

SD

M

N

SD

1

211.1

842

14.32

214.7

855

12.98

218.3

869

13.62

215.6

785

14.49

2

211.3

811

12.85

213.5

828

13.44

217.6

845

12.61

215.2

777

15.29

3

211.6

821

13.30

214.6

835

12.98

217.9

844

13.16

216.2

787

14.74

4a

211.2

821

14.35

214.3

844

14.07

--

--

--

215.9

659

14.63

Note. Due to the COVID-19-related closure of schools, Cohort 4 does not have Spring Grade 5
assessment results. MAP = Measures of Academic Progress; RIT = Rasch Unit
a Cohort 4 represents students in fifth grade in 2019–2020 and who experienced the COVID-19-related
closure of schools from March–June 2020.

Table 10
MAP Growth Reading: Percentile Rank Means
Fall Grade 5

Winter Grade 5

Spring Grade 5

Fall Grade 6

Cohort

M

N

SD

M

N

SD

M

N

SD

M

N

SD

1

64.9

842

24.83

63.8

855

23.88

65.1

869

24.58

62.6

785

25.44

2

65.1

811

23.62

61.8

828

24.70

64.1

845

23.22

61.8

777

25.66

3

64.9

821

24.08

63.1

835

24.43

65.1

844

24.05

62.4

787

25.61

4a

63.6

821

25.48

61.4

844

25.29

--

--

--

61.8

659

26.34

Note. Due to the COVID-19-related closure of schools, Cohort 4 does not have Spring Grade 5
assessment results. MAP = Measures of Academic Progress
a Cohort 4 represents students in fifth grade in 2019-2020 and who experienced the COVID-19-related
closure of schools from March–June 2020.
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Table 11
MAP Growth Mathematics: RIT Score Means
Fall Grade 5

Winter Grade 5

Spring Grade 5

Fall Grade 6

Cohort

M

N

SD

M

N

SD

M

N

SD

M

N

SD

1

215.7

839

13.23

219.4

856

13.42

227.2

865

14.62

223.6

788

14.74

2

215.8

816

13.38

220.3

827

14.24

228.1

845

15.34

222.8

787

15.31

3

215.3

822

13.16

219.3

835

14.03

226.5

843

14.99

222.2

784

15.39

4a

215.0

823

13.89

219.6

847

14.56

--

--

--

219.9

659

16.25

Note. Due to the COVID-19-related closure of schools, Cohort 4 does not have Spring Grade 5
assessment results. MAP = Measures of Academic Progress; RIT = Rasch Unit
aCohort 4 represents students in fifth grade in 2019-2020 and who experienced the COVID-19-related
closure of schools from March – June of 2020.

Table 12
MAP Growth Mathematics: Percentile Rank Means
Fall Grade 5

Winter Grade 5

Spring Grade 5

Fall Grade 6

Cohort

M

N

SD

M

N

SD

M

N

SD

M

N

SD

1

65.1

839

24.82

62.2

856

24.84

65.9

865

25.15

68.0

788

25.37

2

65.7

816

24.76

64.1

827

25.24

67.1

845

25.20

66.2

787

25.27

3

64.0

822

24.84

61.4

835

25.27

66.8

843

25.00

64.2

784

26.03

4a

62.9

823

25.78

60.5

847

26.00

--

--

--

60.5

659

27.27

Note. Due to the COVID-19-related closure of schools, Cohort 4 does not have Spring Grade 5
assessment results. MAP = Measures of Academic Progress
a Cohort 4 represents students in fifth grade in 2019-2020 and who experienced the COVID-19-related
closure of schools from March–June 2020.
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Figure 1
2020 NWEA MAP Growth Reading and Mathematics Student Achievement Norms

Note. NWEA MAP = Northwest Evaluation Association Measures of Academic Progress; From 2020
NWEA MAP Growth normative data overview by Northwest Evaluation Association, p.3
(https://teach.mapnwea.org/impl/MAPGrowthNormativeDataOverview.pdf). Copyright 2020 by the
Northwest Evaluation Association.

Research Question 1: Is there a significant difference in the fall reading outcomes of sixthgrade students who experienced the closure of schools due to the COVID-19 pandemic as
compared to the academic outcomes of students during the same time period in the three
previous school years after controlling for academic outcomes from the previous fall?
MAP Growth Reading RIT scores and percentile ranks were analyzed to answer this
research question.
Reading RIT Score Analysis
The Reading RIT scores were analyzed using repeated measures ANOVA. The factors in
the analysis were Cohort (four cohort groups) and Time (fall of fifth grade to fall of sixth grade).
Table 13 presents the descriptive statistics and Table 14 presents the ANOVA results. The
ANOVA indicated that the only significant effect was for Time. Examination of the means over
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time shows that mean RIT scores grew from fall of fifth grade to fall of sixth grade in each
cohort. This finding was expected because time makes a difference in learning, and the
instrument’s Rasch Unit Scale was designed to measure that change over time (NWEA, 2019).
No interaction was identified for Time by Cohort. This indicates that the growth pattern was
consistent over cohort years. Cohort 4, whose students experienced the pandemic-related closure
of schools, did not experience a differential effect; instead, their mean RIT scores at the
beginning and end of the study were virtually identical to those of the other three cohorts, whose
students did not experience COVID-related educational disruption (Figure 2).
Cohort 4 students showed the same learning gains as the previous three cohorts of
students. This finding differs from predictions made by Kuhfeld, Soland, Tarasawa, Johnson,
Ruzek, and Liu (2020) that suggested that students would begin the 2020–21 school year with
63% to 68% of the expected learning gains in reading relative to a typical school year. Instead,
Cohort 4 students who experienced COVID-related educational disruption in the spring of 2020
started their sixth-grade year with 100% of the expected learning gains; their reading outcomes
were virtually identical to the outcomes of their peers in the 3 previous academic years.

Table 13
Descriptive Statistics for Reading RIT Scores
Fall of Fifth Grade

Fall of Sixth Grade

Cohort

M

SD

N

M

SD

N

1

211.2

14.01

756

216.0

14.19

756

2

211.8

12.46

744

215.7

14.83

744

3

211.4

13.12

759

216.5

14.22

759

4a

211.8

13.71

637

216.1

14.61

637

Note. RIT = Rasch Unit
a Cohort 4 represents students in fifth grade in 2019-2020 and who experiences the COVID-19-related
closure of schools from March–June 2020.
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Table 14
ANOVA Results for Reading RIT Scores
Effect
Between

SS

Cohort

df

MS

3

44.50

2892

348.39

133.50

Error

1007547.33

F
.128

p
.944

Within
Time
Time * Cohort
Error

29372.57

1

29372.57

769.283

276.27

3

92.09

2.412

2892

38.18

110421.68

<.001*
.065

Note. ANOVA = Analysis of Variance; RIT = Rasch Unit

Figure 2
Changes in Reading RIT Scores by Cohort Over Time
218
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Note. RIT = Rasch Unit

Reading Percentile Rank Analysis
Reading percentile ranks were analyzed using repeated measures ANOVA. The factors in
the analysis were Cohort (four cohort groups) and Time (fall of fifth grade to fall of sixth grade).
Table 15 presents the descriptive statistics and Table 16 presents the ANOVA results. The
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ANOVA indicated that the only significant effect was for Time. Examination of the means over
time shows that the cohort groups changed position in a negative direction from fall of fifth
grade to fall of sixth grade. No interaction was identified for Time by Cohort. This indicates that
the loss of position was consistent over cohort years. Cohort 4, whose students experienced the
pandemic-related closure of schools, did not experience a differential effect; instead, their mean
percentile ranks at the beginning and end of the study were virtually identical to those of the
other three cohorts, whose students did not experience COVID-related educational disruption
(Figure 3).

Table 15
Descriptive Statistics for Reading Percentile Ranks
Fall of Fifth Grade

Fall of Sixth Grade

Cohort

M

SD

N

M

SD

N

1

65.3

24.32

756

63.1

25.16

756

2

66.1

22.78

744

62.5

25.17

744

3

64.7

23.98

759

63.0

25.00

759

4a

64.6

24.93

637

62.1

26.24

637

a

Cohort 4 represents students in fifth grade in 2019-2020 and who experienced the COVID-19-related
closure of schools from March–June 2020.
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Table 16
ANOVA Results for Reading Percentile Ranks
Effect
Between

SS

Cohort

df

762.95

Error

MS

F

3

254.31

2892

1100.84

8887.86

1

8887.86

75.772

<.001*

757.35

3

252.45

2.152

.092

2892

117.30

3183628.06

.231

p
.875

Within
Time
Time * Cohort
Error

339222.85

Note. ANOVA = Analysis of Variance

Figure 3
Changes in Reading Mean Percentile Rank by Cohort Over Time
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Cohort 3

Cohort 4

Research Question 2: Is there a significant difference in the fall mathematics outcomes of
sixth-grade students who experienced the closure of schools due to the COVID-19
pandemic as compared to the academic outcomes of students during the same time period
in the three previous school years after controlling for academic outcomes from the
previous fall?
MAP Growth Mathematics RIT scores and percentile ranks were analyzed to answer this
research question.
Mathematics RIT Score Analysis
The Mathematics RIT scores were analyzed through the use of repeated measures
ANOVA. The factors in the analysis were Cohort (four cohort groups) and Time (fall of fifth
grade to fall of sixth grade). Table 17 presents the descriptive statistics and Table 18 presents the
ANOVA results. The ANOVA revealed significant effects for Time and for Cohort. Examination
of the means over time shows that the cohort groups grew from the fall of fifth grade to the fall
of sixth grade, but that the cohorts did not grow in at the same rate. The test of between-subjects
effects showed that cohort membership made a difference in outcome (F = 2.798, p = .039*).
The interaction pattern illustrated in Figure 4 shows that all four cohorts had similar
means RIT scores when assessed during the fall of fifth grade. When assessed in the fall of sixth
grade, however, differences appear. The lines representing Cohorts 1–3 have similar slopes. In
contrast, Cohort 4, which consists of students who experienced the COVID-19-related closure of
schools, grew at a less rapid rate than the other three cohorts.
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Table 17
Descriptive Statistics for Mathematics RIT Scores
Fall of Fifth Grade

Fall of Sixth Grade

Cohort

M

SD

N

M

SD

N

1

215.7

12.82

755

223.9

14.60

755

2

216.1

13.26

759

223.2

14.90

759

3

215.3

13.16

756

222.6

15.01

756

4a

215.5

13.74

634

220.3

15.76

634

Note. RIT = Rasch Unit
a Cohort 4 represents students in fifth grade in 2019-2020 and who experienced the COVID-19-related
closure of schools from March–June 2020.

Table 18
ANOVA Results for Mathematics RIT Scores
Effect

SS

df

MS

F

p

Between
Cohort
Error

3136.835
1083908.136

3

1045.612

2900

373.761

2.798

.039*

<.001*

Within
Time
Time * Cohort
Error

67648.568

1

67648.568

2454.919

2131.454

3

710.485

25.783

79913.364

2900

27.556

Note. ANOVA = Analysis of Variance; RIT = Rasch Unit
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.065

Figure 4
Changes in Mathematics RIT Score by Cohort Over Time
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Note. RIT = Rasch Unit

Mathematics Percentile Rank Analysis
Mathematics percentile ranks were analyzed through the use of repeated measures
ANOVA. The factors in the analysis were Cohort (four cohort groups) and Time (fall of fifth
grade to the fall of sixth grade). Table 19 presents the descriptive statistics and Table 20 presents
the ANOVA results. The ANOVA revealed significant effects for Cohort and for Time by
Cohort. Examination of the means over time shows that the Cohorts 1 – 3 gained relative
position over time, but that Cohort 4 lost relative position. The mean percentile rank of Cohort 4
in the fall of fifth grade was 64.23 (SD = 25.291). It fell to 61.08 in the fall of sixth grade (SD =
26.882). The test of between-subjects effects showed that cohort membership made a statistically
significant difference in outcome (F = 4.525, p = .004*).
The interaction pattern illustrated in Figure 5 shows that all four cohorts had similar mean
percentile ranks when assessed during the fall of fifth grade. When assessed in the fall of sixth
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grade, however, differences appear. The lines representing Cohorts 1-3 have slightly positive
slopes, indicating small gains in mean relative position. In contrast, the line representing Cohort
4, which consists of students who experienced the COVID-19-related closure of schools, has a
negative slope, indicating a loss of mean relative position.
Changes in mean percentile ranks are useful for putting RIT score patterns into context.
While RIT scores are designed to grow over time, percentile rank should be relatively stable.
Students with similar RIT scores are expected to maintain their position (i.e., percentile rank)
over time, even as their RIT scores increase (NWEA, 2019). Findings from this study showed
that not only did mean RIT scores from Cohort 4 grow at a less rapid rate than mean RIT scores
in the previous three academic years (Table 18), but that the mean percentile rank for Cohort 4
dropped instead of maintaining position. Taken together, these findings suggest that Cohort 4’s
mathematics outcomes were lower following the pandemic-related closure of schools than would
have been expected when compared with mathematics outcomes from the previous three
academic years.
Table 19
Descriptive Statistics for Mathematics Percentile Ranks
Fall of Fifth Grade

Fall of Sixth Grade

Cohort

M

SD

N

M

SD

N

1

65.1

24.40

755

68.5

25.14

755

2

66.2

24.56

759

66.9

24.79

759

3

64.0

24.74

756

64.5

25.77

756

4a

64.2

25.29

634

61.1

26.88

634

a

Cohort 4 represents students in fifth grade in 2019-2020 and who experienced the COVID-19-related
closure of schools from March–June 2020.

62

Table 20
ANOVA Results for Mathematics Percentile Ranks
Effect

SS

df

MS

F

p

Between
Cohort

3

5352.490

2900

1182.938

221.601

1

7511.487

3

16057.470

Error

3430520.153

4.525

.004*

221.601

2.634

.105

2503.829

29.759

<.001*

Within
Time
Time * Cohort
Error

243993.236

2900

84.136

Note. ANOVA = Analysis of Variance

Figure 5
Changes in Mathematics Mean Percentile Rank by Cohort Over Time
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Research Question 3: Is there a significant difference in the fall reading outcomes of sixthgrade students from economically disadvantaged homes who experienced the closure of
schools due to the COVID-19 pandemic as compared to the academic outcomes of
economically disadvantaged students during the same time period in the three previous
school years after controlling for academic outcomes from the previous fall?
MAP Growth Reading RIT scores and percentile ranks for students who experienced
economic disadvantage and all other students were analyzed to address this research question.
Reading RIT Score Analysis by Economic Status
The Reading RIT scores were analyzed using repeated measures ANOVA. The factors in
the analysis were Cohort (four cohort groups), Time (fall of fifth grade to fall of sixth grade), and
Economic Status (students who experienced economic disadvantage and all other students).
Table 21 presents the descriptive statistics and Table 22 presents the ANOVA results. The
ANOVA indicated that the only significant effects were for Time and Economic Status.
Examination of the means over time shows that the cohort groups grew from the fall of fifth
grade to the fall of sixth grade, and that, in all cohorts, students who experienced economic
disadvantage had lower mean RIT scores than all other students. Since there is an absence of an
interaction with the Cohort variable, this indicates that the growth patterns were consistent over
cohort years for students experiencing economic disadvantage and for all other students.
The interaction pattern illustrated in Figure 6 shows that students who experienced
economic disadvantage had similar mean RIT scores when assessed in the fall of fifth grade and
that all other students had similar mean RIT scores when assessed in the fall of fifth grade. The
lines for all eight groups of students have similar slopes, meaning that students grew at
approximately the same rate from the fall of fifth grade to the fall of sixth grade. Cohort
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membership was not a statistically significant factor, and the achievement gap between students
with economic disadvantage and all other students was consistent among the cohorts.
Table 21
Descriptive Statistics for Reading RIT Scores by Cohort and Economic Status

Group
Cohort 1
ED
All others
Total
Cohort 2
ED
All others
Total
Cohort 3
ED
All others
Total
Cohort 4a
ED
All others
Total

M

Fall of Fifth Grade
SD

M

Fall of Sixth Grade
SD

N

N

204.0
215.4
211.2

15.20
11.30
14.01

279
477
756

207.8
220.8
216.0

15.48
10.80
14.19

279
477
756

205.9
215.2
211.8

12.87
10.88
12.46

271
473
744

209.6
219.2
215.7

16.46
12.53
14.83

271
473
744

205.5
215.7
211.4

13.86
10.73
13.12

315
444
759

210.2
221.0
216.5

15.26
11.52
14.22

315
444
759

204.5
215.5
211.8

15.01
11.33
13.71

215
422
637

208.1
220.1
216.1

15.84
12.08
14.61

215
422
637

Note. RIT = Rasch Unit; ED = Economic Disadvantage
a Cohort 4 represents students in fifth grade in 2019-2020 and who experienced the COVID-19-related
closure of schools from March–June 2020.
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Table 22
ANOVA Results for Reading RIT Scores by Cohort and Economic Status
Effect

SS

df

MS

F

p
.304

Between
Cohort

1063.935

3

354.645

1.211

159627.977

1

159627.977

545.156

1526.431

3

508.810

1.738

845639.616

2888

292.812

25914.928

1

25914.928

679.712

Time * Cohort

258.688

3

86.229

2.262

.079

Time * ED

242.410

1

242.410

6.358

.012*

72.014

3

24.005

.630

.596

2888

38.126

ED
Cohort * ED
Error

<.001*
.157

Within
Time

Time * Cohort * ED
Error

110108.788

Note. ANOVA = Analysis of Variance; RIT = Rasch Unit; ED = Economic Disadvantage

Figure 6
Changes in Reading Mean RIT Score by Cohort and Economic Status Over Time
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Note. RIT = Rasch Unit; ED = Economic Disadvantage
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<.001*

Reading Percentile Rank Analysis by Economic Status
Reading percentile ranks were analyzed through the use of repeated measures ANOVA.
The factors in the analysis were Cohort (four cohort groups), Time (fall of fifth grade to fall of
sixth grade), and Economic Status (students who experienced economic disadvantage and all
other students). Table 23 presents the descriptive statistics and Table 24 presents the ANOVA
results. The ANOVA indicated that the only significant effects were for Time and Economic
Status. Examination of the means over time shows that cohorts lost relative position from the fall
of fifth grade to the fall of sixth grade and that, in all cohorts, students with economic
disadvantage had lower mean percentile ranks than all other students. Since there is an absence
of an interaction with the Cohort variable, this indicates that the patterns of loss were consistent
over cohort years for students experiencing economic disadvantage and for all other students.
The interaction patterns illustrated in Figure 7 show that students who experienced
economic disadvantage had similar mean percentile ranks in the fall of fifth grade. All other
students also had similar mean percentile ranks when assessed in the fall of fifth grade. The lines
for all eight groups of students have similar, negative slopes, meaning that students lost relative
position at approximately the same rate from the fall of fifth grade to the fall of sixth grade.
Cohort membership was not a statistically significant factor, and the achievement gap between
students who experienced economic disadvantage and all other students was consistent among
the cohorts.
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Table 23
Descriptive Statistics for Reading Percentile Ranks by Cohort and Economic Status

Group
Cohort 1
ED
All others
Total
Cohort 2
ED
All others
Total
Cohort 3
ED
All others
Total
Cohort 4a
ED
All others
Total

M

Fall of Fifth Grade
SD

M

Fall of Sixth Grade
SD

N

N

52.2
72.9
65.3

25.95
19.65
24.32

279
477
756

48.3
71.8
63.1

26.78
19.51
25.16

279
477
756

55.3
72.3
66.1

24.33
19.31
22.78

271
473
744

52.1
68.5
62.5

27.22
21.81
25.17

271
473
744

53.6
72.5
64.7

25.68
19.15
23.98

315
444
759

51.6
71.0
63.0

26.51
20.35
25.00

315
444
759

51.3
71.4
64.6

27.53
20.44
24.93

215
422
637

47.8
69.3
62.1

28.12
21.94
26.24

215
422
637

Note. ED = Economic Disadvantage
a Cohort 4 represents students in fifth grade in 2019-2020 and who experienced the COVID-19-related
closure of schools from March–June 2020.
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Table 24
ANOVA Results for Reading Percentile Ranks by Cohort and Economic Status
Effect

SS

df

MS

F

p

Between
Cohort

3743.206

3

1247.735

1.356

518088.119

1

518088.119

563.096

5636.824

3

1878.941

2.042

.106

2888

920.071

9202.673

1

9202.673

78.559

<.001*

Time * Cohort

578.429

3

192.810

1.646

.177

Time * ED

350.136

1

350.136

2.989

.084

Time * Cohort * ED

571.384

3

190.461

1.626

.181

2888

117.144

ED
Cohort * ED
Error

2657166.424

.254
<.001*

Within
Time

Error

338311.074

Note. ANOVA = Analysis of Variance; ED = Economic Disadvantage

Figure 7
Changes in Reading Mean Percentile Rank by Cohort and Economic Status Over Time
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Note. ED = Economic Disadvantage
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Research Question 4: Is there a significant difference in the fall mathematics outcomes of
sixth-grade students from economically disadvantaged homes who experienced the closure
of schools due to the COVID-19 pandemic as compared to the academic outcomes of
economically disadvantaged students during the same time period in the three previous
school years after controlling for academic outcomes from the previous fall?
MAP Growth Mathematics RIT scores and percentile ranks for students who experienced
economic disadvantage and all other students were analyzed to address this research question.
Mathematics RIT Score Analysis by Economic Status
The Mathematics RIT scores were analyzed through the use of repeated measures
ANOVA. The factors in the analysis were Cohort (four cohort groups), Time (fall of fifth grade
to fall of sixth grade), and Economic Status (students who experienced economic disadvantage
and all other students). Table 25 presents the descriptive statistics and Table 26 presents the
ANOVA results. The ANOVA indicated that there were significant effects for Time, Economic
Status, and Cohort. Examination of the means over time shows that: 1.) the cohort groups grew
from the fall of fifth grade to the fall of sixth grade (F = 2183.844, p < .001*); 2.) in all cohorts,
students with economic disadvantage had lower mean RIT scores than all other students (F =
577.785, p < .001*); and 3.) cohort membership made a difference in academic outcome (F =
4.657, p = .003*). Since there is an absence of an interaction with the Cohort variable, this
indicates that the growth patterns were consistent over cohort years for students experiencing
economic disadvantage and for all other students.
The interaction patterns illustrated in Figure 8 show that students who experienced
economic disadvantage had similar mean RIT scores when assessed in the fall of fifth grade and
that all other students had similar mean RIT scores when assessed in the fall of fifth grade. The
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lines for Cohorts 1–3 have similar, positive slopes. In contrast, Cohort 4, which consists of
students who experienced the COVID-19-related closure of schools, grew at a less rapid rate
than the other three cohorts. It is important to note that when comparing students with economic
disadvantage to all other students within the same cohort, the slopes of the line are similar, which
is an indication that the gap between students who experienced economic disadvantage and all
other students did not grow. In other words, students in Cohort 4 who experienced the COVID19-related closure of schools experienced a similar impact and the gap between students with
economic disadvantage and all other students remained constant.

Table 25
Descriptive Statistics for Mathematics RIT Scores by Cohort and Economic Status

Group
Cohort 1
ED
All others
Total
Cohort 2
ED
All others
Total
Cohort 3
ED
All others
Total
Cohort 4a
ED
All others
Total

M

Fall of Fifth Grade
SD

M

Fall of Sixth Grade
SD

N

N

209.1
219.6
215.7

12.47
11.38
12.82

278
477
755

216.2
228.4
223.9

14.45
12.68
14.60

278
477
755

209.6
219.9
216.1

14.09
11.14
13.26

277
482
759

216.4
227.2
223.2

15.50
13.00
14.90

277
482
759

208.6
219.9
215.3

13.28
10.89
13.16

313
443
756

215.0
227.9
222.6

14.32
13.09
15.01

313
443
756

208.1
219.4
215.5

14.83
11.35
13.74

218
416
634

211.6
224.8
220.3

15.55
13.87
15.76

218
416
634

Note. RIT = Rasch Unit; ED = Economic Disadvantage
a Cohort 4 represents students in fifth grade in 2019-2020 and who experienced the COVID-19-related
closure of schools from March–June 2020.
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Table 26
ANOVA Results for Mathematics RIT Scores by Cohort and Economic Status
Effect

SS

df

MS

F

p

Between
Cohort

4353.620

3

1451.207

4.657

.003*

180048.420

1

180048.420

577.785

<.001*

595.904

3

198.635

.637

902446.947

2896

311.618

59680.791

1

59680.791

2183.844

<.001*

2067.624

3

689.208

25.220

<.001*

Time * ED

674.213

1

674.213

24.671

<.001*

Time * Cohort * ED

108.821

3

36.274

1.327

.264

2896

27.328

ED
Cohort * ED
Error

.591

Within
Time
Time * Cohort

Error

79142.806

Note. ANOVA = Analysis of Variance; RIT = Rasch Unit; ED = Economic Disadvantage

Figure 8
Changes in Mathematics Mean RIT Score by Cohort and Economic Status Over Time
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Note. RIT = Rasch Unit; ED = Economic Disadvantage

72

Mathematics Percentile Rank Analysis by Economic Status
Mathematics percentile ranks were analyzed through the use of repeated measures
ANOVA. The factors in the analysis were Cohort (four cohort groups), Time (fall of fifth grade
to fall of sixth grade), and Economic Status (students who experienced economic disadvantage
and all other students). Table 27 presents the descriptive statistics and Table 28 presents the
ANOVA results. The ANOVA indicated that there were significant effects for Cohort (F =
6.713, p < .001*), Economic Disadvantage (F = 627.449, p < .001*), and Time by Cohort (F =
29.304, p < .001*). Examination of the means over time shows that Cohorts 1–3 gained relative
position from the fall of fifth grade to the fall of sixth grade and that, in all cohorts, students who
experienced economic disadvantage had lower mean percentile ranks than all other students. The
Time * Cohort interaction indicates that students in Cohort 4 who experienced the COVID-19related closure of schools experienced a loss of relative position from the fall of fifth grade to the
fall of sixth grade.
The interaction pattern illustrated in Figure 9 shows that students with economic
disadvantage had similar mean percentile ranks scores assessed in the fall of fifth grade and that
all other students had similar mean percentile ranks when assessed in the fall of fifth grade. The
lines for all eight groups of students have similar slopes, meaning that students within a cohort
gained or lost relative position at approximately the same rate from the fall of fifth grade to the
fall of sixth grade. Cohort membership was a statistically significant factor, however. The mean
percentile ranks for students with economic disadvantage and all other students in Cohorts 1–3
had slightly positive slopes, while the mean percentile ranks for students who experienced
economic disadvantage and all other students in Cohort 4 had negative slopes. In other words,
students in Cohort 4 lost relative position from the fall of fifth grade to the fall of sixth grade. For
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all cohorts, the slope of the line for students who experienced economic disadvantage and the
slope of the line for all other students was similar, which is an indication that the gap between
students who experienced economic disadvantage and all other students did not grow. There was
not a relative disadvantage for students with economic disadvantage in Cohort 4 who
experienced the COVID-19-related closure of schools.
Table 27
Descriptive Statistics for Mathematics Percentile Ranks by Cohort and Economic Status
Fall of Fifth Grade
Cohort

Fall of Sixth Grade

M

SD

N

M

SD

N

ED
All others
Total

52.3
72.5
65.1

25.16
20.60
24.40

278
477
755

55.3
76.2
68.5

26.67
20.63
25.14

278
477
755

ED
All others
Total

53.5
73.5
66.2

27.24
19.46
24.56

277
482
759

54.9
73.8
66.9

26.90
20.54
24.79

277
482
759

ED
All others
Total

51.0
73.2
64.0

25.87
19.20
24.74

313
443
756

51.3
73.9
64.5

26.59
20.55
25.77

313
443
756

ED
All others
Total

49.9
71.7
64.2

26.71
20.96
25.29

218
416
634

45.5
69.3
61.1

26.92
22.98
26.88

218
416
634

1

2

3

4a

Note. ED = Economic Disadvantage
a Cohort 4 represents students in fifth grade in 2019-2020 and who experienced the COVID-19-related
closure of schools from March–June 2020.
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Table 28
ANOVA Results for Mathematics Percentile Ranks by Cohort and Economic Status
Effect

SS

df

MS

F

p

Between
Cohort
ED
Cohort * ED
Error

19581.096

3

6527.032

6.713

<.001*

610035.251

1

610035.251

627.449

<.001*

2494.021

3

831.340

.855

.464

2896

972.246

132.759

1

132.759

1.579

.209

7393.169

3

2464.390

29.304

<.001*

97.250

1

97.250

1.156

.282

376.024

3

125.341

1.490

.215

2896

84.097

2815625.264

Within
Time
Time * Cohort
Time * ED
Time * Cohort * ED
Error

243543.971

Note. ANOVA = Analysis of Variance; ED = Economic Disadvantage

Figure 9
Changes in Mathematics Mean Percentile Rank by Cohort and Economic Status Over Time
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Cohort Stability
In the sample data, some students with valid fifth-grade test results do not have sixthgrade scores. They may have withdrawn from the school system or may have been absent during
testing. To examine the impact of attrition, a new variable, Cohort Loss, was created to identify
which students left the study before the testing window in the fall of sixth grade. Descriptive
statistics were used to analyze cohorts for differential attrition and a univariate analysis was used
to compare fall of fifth grade assessment results at the beginning of the study by Cohort and
Cohort Loss to identify differences at the outset that had the potential to introduce bias.
Reading
Descriptive statistics were used to analyze cohort attrition rates on the MAP Reading
assessment. In the fall of sixth grade, 90% or more of Cohorts 1–3 remained with valid test
scores. In contrast, only 77.6% of the original cohort remained for Cohort 4, whose students
experienced the COVID-19-related closure of schools. Table 29 presents descriptive statistics for
cohort attrition on the reading assessment. Because the pattern of loss was so different for Cohort
4, a univariate ANOVA was conducted to explore if attrition changed the composition of the
cohorts in terms of economic status. Table 30 presents descriptive statistics for cohort attrition of
students with economic disadvantage on the reading assessment. On this analysis, Cohort 4 again
presents a contrasting pattern. While Cohorts 1–3 only lost 6–11% of their students with
economic disadvantage, Cohort 4 lost 28% of this population, reducing the overall percentage of
students with economic disadvantage to 33.8%. While data related to the direct cause of this
difference were not collected as part of this study, national trends revealed increases in
unemployment, childcare disruptions, and housing insecurity that might have contributed to
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changes in school enrollment for families with economic disadvantage (United States Census
Bureau, 2021).
Table 29
Descriptive Statistics for Cohort Attrition in MAP Growth Reading
Students in Cohort
Fall of Fifth Grade

Students Lost to Attrition

Students Remaining in Cohort
Fall of Sixth Grade

Cohort

N

N

%

N

%

1

842

86

10.2

756

89.8

2

811

67

8.3

744

91.7

3

821

62

7.6

759

92.4

4a

821

184

22.4

637

77.6

Note. Only students with valid test scores were included each cohort. Students lost to attrition had valid
scores in the fall of fifth grade but were missing scores in the fall of sixth grade. MAP = Measures of
Academic Progress
a Cohort 4 represents students in fifth grade in 2019-2020 and who experienced the COVID-19-related
closure of schools from March–June 2020.

Table 30
Descriptive Statistics for Cohort Attrition of Students With Economic Disadvantage in MAP
Growth Reading
Students in Cohort
Fall of Fifth Grade
Economic
Disadvantage

Students with
Economic
Disadvantage Lost to
Attrition

Students Remaining in Cohort
Fall of Sixth Grade
Economic
Disadvantage

Cohort
1

N
842

n
307

%
36.5

n
28

%
9.1

N
756

n
279

%
36.9

2

811

304

37.5

33

10.9

744

271

36.4

3

821

335

40.8

20

6.0

759

315

41.5

4a

821

298

36.3

83

27.9

637

215

33.8

Note. Only students with valid test scores were included each cohort. Students lost to attrition had valid
scores in the fall of fifth grade but were missing scores in the fall of sixth grade. MAP = Measures of
Academic Progress
a Cohort 4 represents students in fifth grade in 2019-2020 and who experienced the COVID-19-related
closure of schools from March–June 2020.
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A univariate ANOVA was conducted to analyze if there was interaction among the
variables Cohort Membership, Cohort Attrition, and Economic Disadvantage with respect to RIT
score or percentile rank in the fall of fifth grade on the Reading MAP assessment. Cohort
Attrition was found to have statistically significant effects on Reading RIT scores (F = 5.30, p =
.021*). This indicates that there were differences in RIT score between students who remained in
the study and those who were lost to attrition, but that these differences were not related to
cohort or economic disadvantage. Cohort Attrition was also found to have statistically significant
effects on reading percentile ranks (F = 6.93, p = .009*). This analysis also identified interaction
between Cohort Membership and Cohort Attrition (F = 2.85, p = .036*), which indicates that fall
percentile rank was different among the cohorts when comparing students who remained i n the
study to those lost to attrition. Tables 31 presents the descriptive statistics and Tables 32–33
present the ANOVA results.
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Table 31
Descriptive Statistics for Reading RIT Scores and Percentile Ranks by Cohort and Attrition
Fall of Fifth Grade
RIT Scores

Fall of Fifth Grade
Percentile Ranks

Cohort

M

SD

N

M

SD

N

Lost to attrition
All others
Total

210.4
211.2
211.1

16.85
14.01
14.32

86
756
842

62.2
65.3
64.9

28.93
24.32
24.83

86
756
842

Lost to attrition
All others
Total

206.0
211.8
211.3

15.66
12.46
12.85

67
744
811

54.4
66.1
65.1

29.64
22.78
23.62

67
744
811

Lost to attrition
All others
Total

213.1
211.4
211.6

15.33
13.12
13.30

62
759
821

68.4
64.7
64.9

25.29
23.98
24.08

62
759
821

Lost to attrition
All others
Total

209.1
211.8
211.2

16.23
13.71
14.35

184
637
821

59.8
64.6
63.6

27.05
24.93
25.48

184
637
821

1

2

3

4a

Note. RIT = Rasch Unit
a Cohort 4 represents students in fifth grade in 2019-2020 and who experienced the COVID-19-related
closure of schools from March–June 2020.

Table 32
ANOVA Results for Reading RIT Scores by Cohort, Economic Disadvantage, and Attrition
df

MS

F

p

Partial Eta
Squared

932.749

3

310.916

1.937

.121

.002

34720.417

1

34720.417

216.359

< .001*

.062

Attrition

850.792

1

850.792

5.302

.021*

.002

Cohort * ED

580.465

3

193.488

1.206

.306

.001

Cohort * Attrition

861.939

3

287.313

1.790

.147

.002

Attrition * ED

145.578

1

145.578

.907

.341

.000

Cohort * Attrition * ED

189.313

3

63.104

.393

.758

.000

3279

160.476

Between Subject Effects
Cohort
ED

Error

SS

526200.160

Note. ANOVA = Analysis of Variance; RIT = Rasch Unit; ED = Economic Disadvantage
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Table 33
ANOVA Results for Reading Percentile Ranks by Cohort, Economic Disadvantage, and Attrition
F

p

Partial Eta
Squared

2.456

.061

.002

220.301

<.001*

.063

3524.320

6.930

.009*

.002

3

557.667

1.097

.349

.001

4349.588

3

1449.863

2.851

.036*

.003

Attrition * ED

272.771

1

272.771

.536

.464

.000

Cohort * Attrition * ED

690.467

3

230.156

.453

.715

.000

1667464.509

3279

508.528

Between Subject Effects

SS

df

3746.366

3

1248.789

112029.427

1

112029.427

Attrition

3524.320

1

Cohort * ED

1673.001

Cohort * Attrition

Cohort
ED

Error

MS

Note. ANOVA = Analysis of Variance; ED = Economic Disadvantage

Mathematics
Descriptive statistics were used to analyze cohort attrition rates on the MAP Mathematics
assessment. In the fall of sixth grade, 90% or more of Cohorts 1–3 remained with valid test
scores. In contrast, only 77% of the original cohort remained for Cohort 4, whose students
experienced the COVID-19-related closure of schools. Table 34 presents descriptive statistics for
cohort attrition on the mathematics assessment. Because the pattern of loss was so different for
Cohort 4, further analysis was conducted to explore if attrition changed the composition of the
cohorts in terms of economic status. Table 35 presents descriptive statistics for cohort attrition of
students with economic disadvantage on the mathematics assessment. On this analysis, Cohort 4
again presents a contrasting pattern. While Cohorts 1–3 only lost 6–10% of their students with
economic disadvantage, Cohort 4 lost 27% of this population, reducing the overall percentage of
students with economic disadvantage to 34.4%.

80

Table 34
Descriptive Statistics for Cohort Attrition in MAP Growth Mathematics
Students in Cohort
Fall of Fifth Grade

Cohort

Students Lost to Attrition

Students Remaining in Cohort
Fall of Sixth Grade

1

N
839

N
84

%
10.0

N
755

%
90.0

2

816

57

7.0

759

93.0

3

822

66

8.0

756

92.0

4a

823

189

23.0

634

77.0

Note. Only students with valid test scores were included each cohort. Students lost to attrition had valid
scores in the fall of fifth grade but were missing scores in the fall of sixth grade. MAP = Measures of
Academic Progress
a Cohort 4 represents students in fifth grade in 2019-2020 and who experienced the COVID-19-related
closure of schools from March–June 2020

Table 35
Descriptive Statistics for Cohort Attrition of Students With Economic Disadvantage in MAP
Growth Mathematics
Students in Cohort
Fall of Fifth Grade
Economic
Disadvantage

Students with
Economic
Disadvantage Lost to
Attrition

Students Remaining in Cohort
Fall of Sixth Grade
Economic
Disadvantage

Cohort

N

n

%

n

%

N

n

%

1

839

305

36.4

27

8.9

755

278

36.8

2

816

307

37.6

30

9.8

759

277

36.5

3

822

336

40.9

23

6.9

756

313

41.4

4a

823

298

36.2

80

26.8

634

218

34.4

Note. Only students with valid test scores were included each cohort. Students lost to attrition had valid
scores in the fall of fifth grade but were missing scores in the fall of sixth grade. MAP = Measures of
Academic Progress
a Cohort 4 represents students in fifth grade in 2019-2020 and who experienced the COVID-19-related
closure of schools from March–June 2020

Mathematics Cohort Attrition and RIT Score Analysis. A univariate ANOVA was
conducted to analyze if there was interaction among the variables Cohort Membership, Cohort
Attrition, and Economic Disadvantage with respect to RIT score in the fall of fifth grade on the
Mathematics MAP assessment. Table 36 presents descriptive statistics, and ANOVA results are
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presented in Table 37. No statistically significant effects were found with respect to cohort
attrition in this analysis. Instead, the statistical significance identified related to economic
disadvantage (F = 197.37, p < .001*) and the interaction between economic disadvantage and
cohort membership (F = 2.825, p = .037*).
Table 36
Descriptive Statistics for Mathematics RIT Scores by Cohort, Economic Disadvantage, and
Attrition
Fall of Fifth Grade Percentile Rank
Lost to Attrition
M
SD
N

Fall of Fifth Grade Percentile Rank
Remaining in Population
M
SD
N

ED
All others
Total

205.8
220.1
215.5

18.41
13.52
16.57

27
57
84

209.1
219.6
215.7

12.47
11.38
12.82

278
477
755

ED
All others
Total

209.5
214.7
212.0

13.83
14.76
14.39

30
27
57

209.6
219.9
216.1

14.09
11.14
13.26

277
482
759

ED
All others
Total

211.2
218.2
215.7

14.12
12.10
13.23

23
43
66

208.6
219.9
215.3

13.28
10.89
13.16

313
443
313

ED
All others
Total

205.1
219.3
213.3

14.23
10.95
14.27

80
109
189

206.1
219.4
215.5

14.83
11.35
13.74

218
416
634

Cohort
1

2

3

4a

Note. RIT = Rasch Unit; ED = Economic Disadvantage
a Cohort 4 represents students in fifth grade in 2019-2020 and who experienced the COVID-19-related
closure of schools from March–June 2020.
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Table 37
ANOVA Results for Mathematics RIT Scores by Cohort, Economic Disadvantage, and Attrition
Between Subject Effects

SS

df

Cohort

379.567

ED
Attrition
Cohort * ED
Cohort * Attrition
Attrition * ED
Cohort * Attrition * ED
Error

MS

F

p

3

126.522

.835

.474

29904.779

1

29904.779

197.365

454.776

1

454.776

3.001

.083

1284.218

3

428.073

2.825

.037*

255.113

3

85.038

.561

.641

31.451

1

31.451

.208

.649

1116.173

3

372.058

2.455

.061

3284

151.520

497592.885

< .001*

Note. ANOVA = Analysis of Variance; RIT = Rasch Unit; ED = Economic Disadvantage

Mathematics Cohort Attrition and Percentile Rank Analysis. A univariate ANOVA
was conducted to analyze if there was interaction among the variables Cohort Membership,
Cohort Attrition, and Economic Disadvantage with respect to percentile rank in the fall of fifth
grade on the Mathematics MAP assessment. Table 38 presents descriptive statistics, and
ANOVA results are presented in Table 39. When analyzing percentile ranks, economic
disadvantage had a statistically significant effect (F = 211.514, p < .001*). Economic
Disadvantage interacted with Cohort Membership (F = 3.018, p = .029*) and Cohort
Membership and Cohort Attrition (F = 2.682, p = .045*).
The interaction with Cohort Attrition is an effect that needs to be examined closer. To
understand the nature of the differences in the means of each group of students in each cohort, a
visual model was created (Figure 10). The analysis shows two points of difference across the
cohorts, one of which has implications for the study. First, the mean percentile rank for noneconomically disadvantaged students in Cohort 2 was lower than the means for students with the
same characteristics in other cohorts. Second, students with economic disadvantage in Cohort 4
who were lost to attrition had a lower mean percentile rank than students with the same
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characteristics in other cohorts. This indicates that students with economic disadvantage in
Cohort 4 who were not available for testing in the fall of sixth grade were significantly behind
when they were assessed in the fall of fifth grade.

Table 38
Descriptive Statistics for Mathematics Percentile Ranks by Cohort, Economic Disadvantage, and
Attrition
Fall of Fifth Grade Percentile Rank
Lost to Attrition
M
SD
N

Fall of Fifth Grade Percentile Rank
Remaining in Population
M
SD
N

ED
All others
Total

47.22
73.7
65.2

32.58
21.85
28.45

27
57
84

52.3
72.5
65.06

25.16
20.60
24.40

278
477
755

ED
All others
Total

54.7
64.0
59.1

26.65
26.29
26.66

30
27
57

53.5
73.5
66.2

27.24
19.46
24.56

277
482
759

ED
All others
Total

55.4
69.6
64.7

27.14
24.33
26.04

23
43
66

51.0
73.2
64.0

25.87
19.20
24.74

313
443
756

ED
All others
Total

42.7
70.3
58.6

27.54
19.71
27.90

80
109
189

49.9
71.7
64.2

26.71
20.96
25.29

218
416
634

Cohort
1

2

3

4a

Note. ED = Economic Disadvantage
a Cohort 4 represents students in fifth grade in 2019-2020 and who experienced the COVID-19-related
closure of schools from March–June 2020.
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Table 39
ANOVA Results for Mathematics Percentile Ranks by Cohort, Economic Disadvantage, and
Attrition
Between Subject Effects
Cohort

SS

df

MS

F

p
.128

2957.174

3

985.725

1.894

110068.240

1

110068.240

211.514

Attrition

1680.664

1

1680.664

3.230

.072

Cohort * ED

4711.160

3

1570.387

3.018

.029*

Cohort * Attrition

1043.708

3

347.903

.669

.571

Attrition * ED

192.402

1

192.402

.370

.543

Cohort * Attrition * ED

4186.966

3

1395.655

2.682

.045*

1708938.010

3284

520.383

ED

Error

Note. ANOVA = Analysis of Variance; ED = Economic Disadvantage

Figure 10
Changes in Mathematics Mean Percentile Rank by Cohort Over Time
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Cohhort 4

<.001*

Summary of Findings
Analyses conducted for this study revealed different patterns with respect to reading and
math outcomes following the COVID-19-related school closures in the spring of 2020. First,
evidence from the study indicated that students who were in fifth grade during the pandemic did
not experience adverse outcomes in reading in the fall of sixth grade. In fact, these students
started sixth grade with similar mean RIT scores and mean percentile ranks as their peers in the
previous three academic years. In contrast, these same students showed less than expected
growth in mathematics following the pandemic-related closure of schools. Their mathematics
RIT scores were lower than expected, and their mean percentile rank dropped. While economic
disadvantage was identified as a statistically significant factor related to reading and math
outcomes in all four cohorts, differential impacts were not identified for students with economic
disadvantage in Cohort 4 following the pandemic.
Finally, an analysis of fall of fifth grade assessment resulted comparing students who
were lost to attrition with their peers who completed fall of sixth grade assessments indicated
that there was potential introduction of bias in the mathematics findings because students with
economic disadvantage who left the study had lower mean percentile ranks in the fall of fifth
grade than their peers in the other three cohorts. Given this difference, it is possible that the
findings of this study underestimated the impact of the pandemic on math outcomes for students
with economic disadvantage. The same analysis conducted for reading did not reveal any
differential effects, thus relieving the concern about bias for these findings.
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CHAPTER 5
RECOMMENDATIONS
The purpose of this study was to investigate the educational outcomes of students who
experienced disrupted instruction in the spring of 2020 as communities reacted to the spread of
the COVID-19 virus. NWEA MAP Growth assessment scores in reading and math were
analyzed for four cohorts of students in order to establish typical learning patterns and to identify
differences that might have occurred as a result of the COVID-related closure of schools for inperson instruction. Scores were further analyzed to determine if students with economic
disadvantage were more severely impacted by the pandemic that their peers.
Summary of Major Findings
Reading Outcomes
Fall to fall reading outcomes were analyzed for four cohorts of students as they
transitioned from fifth to sixth grade. ANOVA results indicate that there were not statistically
significant differences in reading outcomes for students who experienced the COVID-19
pandemic and the related spring 2020 closure of schools in comparison to students whose fifthgrade year was not disrupted by the pandemic. When measured in the first testing window, fall of
fifth grade, all four cohorts had similar mean Rasch Unit (RIT) scores and similar mean
percentile ranks (M RIT score = 211–212, SD = 12–14; M percentile rank = 65–66, SD = 23–25).
All four cohorts of students showed similar patterns of growth from the fall of fifth grade to the
fall of sixth grade. In the final testing window, all four cohorts of students had similar mean RIT
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scores and similar mean percentile ranks (M RIT score = 216, SD = 14–15; M percentile rank =
62–63, SD = 25–26).
Mathematics Outcomes
Fall to fall mathematics outcomes were analyzed for four cohorts of students as they
transitioned from fifth to sixth grade. ANOVA results indicate that there were statistically
significant differences among RIT scores based on cohort membership (F = 2.798, p = .039*).
When measured in the first testing window, fall of fifth grade, all four cohorts had similar mean
RIT scores and similar mean percentile ranks (M RIT score = 215 – 216, SD = 13 – 14; M
percentile rank = 64 – 66, SD = 25 – 27). Cohorts 1–3 showed similar patterns of growth from
the fall of fifth grade to the fall of sixth grade. In the final testing window, these cohorts, whose
students did not experience the pandemic, had similar mean RIT scores (M RIT score = 223 –
224, SD = 15). Additionally, these three cohorts maintained or advanced their relative position.
In contrast, students in Cohort 4, who experienced the pandemic-related closure of schools in the
spring of 2020, saw a mean drop of 3.1 percentile points from the fall of fifth grade to the fall of
sixth grade. Their average growth from the fall of fifth grade to the fall of sixth grade was 3–4
RIT points less than that experienced by students in the previous three cohorts.
Outcomes for Students With Economic Disadvantage
Across both the reading and mathematics assessments, Economic Disadvantage was a
statistically significant factor. On the MAP Growth Reading assessments, students experiencing
economic disadvantage had lower mean RIT scores (F = 545.156, p < .001*) and percentile
ranks (F = 563.096, p < .001*) in both the fall of fifth grade and the fall of sixth grade as
compared to students not experiencing economic disadvantage. Interaction between Economic
Disadvantage and Cohort Membership was not identified as a statistically significant factor
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however, indicating that these differences appeared in all four cohorts and that the reading
outcomes of students with economic disadvantage were not more severely affected as a result of
the COVID-19 pandemic.
MAP Growth Mathematics assessment results yielded a similar pattern. Cohort
Membership (RIT Score: F = 4.657, p = .003*; Percentile Rank: F = 6.713, p < .001*) and
Economic Disadvantage (RIT Score: F = 577.785, p < .001*; Percentile Rank: F = 627.449, p <
.001*) were both found to have statistical significance, but they operated independently of one
another. There were no within subject effects found for the Time * Cohort * ED analysis. As
previously discussed, these results reveal a negative impact on mathematics outcomes for
students in Cohort 4 who experienced the pandemic. Additionally, mathematics outcomes for
students in all four cohorts were negatively impacted by the effects of Economic Disadvantage.
However, findings indicate that mathematics outcomes for students with economic disadvantage
who experienced the pandemic were not more severely impacted as a result of the pandemic.
Cohort Stability
To establish confidence in the results of this study, an analysis of cohort stability was
conducted. There were several key findings. First, attrition rates were 2–3 times higher for
students who experienced the pandemic as compared to students in the previous 3 academic
years; second, students with economic disadvantage who experienced the pandemic were lost at
even higher rates. Second, differences in reading scores reported in the fall of fifth grade were
identified based on attrition. In other words, students who left the study prior to the fall of sixth
grade were different from students who remained in the cohort. The F statistic for Attrition was
5.302 (p = .021*) when analyzing Reading RIT scores and was 6.930 (p = .009*) when
analyzing Reading percentile ranks. With respect to percentile rank, a statistically significant
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interaction was also identified between Cohort Membership and Cohort Attrition (F = 2.851, p =
.036*). Finally, in mathematics, students with economic disadvantage who experienced the
pandemic and who were lost due to attrition were significantly behind students with similar
characteristics in the other three cohorts when comparing percentile ranks (F = 2.682, p = .045*).
This indicates bias in the study because the remaining students had a higher mean percentile rank
at the start of the study. Because of this bias, it is likely that the findings underestimate the
impact of the COVID-19-related school closures on mathematics outcomes, especially for
students with economic disadvantage.
Discussion of Findings
As early as April 2020, while instruction was still disrupted for students in all 50 states
due to the COVID-19 pandemic, researchers used existing data to predict the potential impact the
school closures would have on student learning. In a research brief published in April 2020,
Kuhfeld and Tarasawa used extant, pre-COVID data to predict potential impacts of the COVID19 school closures. They used models of students’ typical learning trajectories to predict what
would happen if student learning plateaued from March to September and what would happen if
student learning declined at the rate observed during a typical summer break. The plateau model
showed that students would enter school September at much the same place as they would have
following a typical school year and summer break. In this model, little to no learning would be
lost. In contrast, the summer slide model predicted significant declines in both reading and
mathematics, especially in the elementary grades (Figures 11 and 12).
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Figure 11
Predicted Impact of COVID-19 on MAP Growth Reading Outcomes

Note. MAP = Measures of Academic Progress; From The COVID-19 slide: What summer learning loss
can tell us about the potential impact of school closures on student academic achievement, Issue brief by
M. Kuhfeld and B. Tarasawa, Northwest Evaluation Association, p. 3
(https://www.nwea.org/content/uploads/2020/05/Collaborative-Brief_Covid19-Slide-APR20.pdf).
Copyright 2020 by the Northwest Evaluation Association.

Figure 12
Predicted Impact of COVID-19 on MAP Growth Mathematics Outcomes

Note. MAP = Measures of Academic Progress; From The COVID-19 slide: What summer learning loss
can tell us about the potential impact of school closures on student academic achievement, Issue brief by
M. Kuhfeld and B. Tarasawa, Northwest Evaluation Association, p. 3
(https://www.nwea.org/content/uploads/2020/05/Collaborative-Brief_Covid19-Slide-APR20.pdf).
Copyright 2020 by the Northwest Evaluation Association.
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The Reading Plateau
The findings of this study align more closely with Kuhfeld and Tarasawa’s (2020)
plateau model than with the summer slide model. In the plateau model, Kuhfeld and Tarasawa
assumed that no learning would take place from the beginning of the school closures in March
2020 to the start of the 2020-21 school year. According to the plateau model estimates, students
in fifth grade who experienced the pandemic would start sixth grade with similar RIT scores as
students who experienced a typical school year and summer slide. Not only did the results of the
ANOVA show no statistically significant differences in mean test scores between the students
who experienced the pandemic-related disruption of school, but mean RIT scores from the winter
of 2020, given approximately 6 weeks before the school closures, are 1.6 points lower than mean
scores at the start of the 2020-21 school year (see Figure 13). This pattern aligns with the
predictions made by Kuhfeld and Tarasawa, who estimated that, if the plateau model held true,
then students would start school following the pandemic with similar RIT scores as they would
have earned had they been assessed in March.
Kuhfeld, Tarasawa, et al. (2020) used data from approximately 4.4 million students
nationwide who took MAP Growth assessments at the start of the 2020-21 school year and
compared their results to typical student performance. Their findings concerning reading
outcomes immediately following the COVID-19-related closure of schools align with the
findings presented in this study. They, too, found that students had similar reading RIT scores
and percentile ranks as their peers from the previous academic year.
Publishers of other growth assessments have begun to analyze their own data to
determine what impact, if any, the closure of schools in response to COVID-19 had on student
achievement and learning. A report published by Renaissance Learning (2020) found small
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negative impacts on reading achievement following the pandemic. They estimated that sixthgrade students were performing 4–7 weeks behind expectations at the outset of the 2020-21
school year.
Figure 13
Changes in Reading RIT Score by Cohort Over Time
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The Mathematics Slide
The mathematics outcomes of this study reveal a different pattern than the reading
outcomes. Whereas reading RIT scores show overall growth from the winter to the fall, math
RIT scores show a plateau from the winter to the fall (Figure 14). Using Kuhfeld and Tarasawa’s
(2020) model, students would have been expected to continue learning, and, consequently, MAP
Growth scores would have been expected to rise from the winter assessment until schools closed
on March 13, 2020. Therefore, the plateau in scores from the winter to the fall represents a
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decline in mathematics outcomes from where scores would have been had students been assessed
just prior to the closure of schools.
To fully understand the impact of the COVID-19-related school closures in the spring of
2020, it is necessary to consider the magnitude of the difference between the expected mean RIT
scores and the actual mean RIT scores achieved by the cohort of students who experienced the
pandemic. If Cohort 4 had followed a pattern similar to cohorts from the previous three years,
they would have been expected to begin school in the fall of sixth grade with mean RIT scores
approximately 2.5 points higher than they actually did. This represents a setback of
approximately 10 weeks, the same amount of instructional time that was disrupted by the
pandemic1. Additionally, participants in this study who experienced the pandemic had a relative
loss of position of 4–8 percentile points when compared to their peers from three previous
academic years. These findings align with a national analysis of MAP Growth scores, which
found a difference of 5–10 percentile points between typical student performance and actual
student performance for students who experienced the pandemic-related closure of schools
(Kuhfeld, Ruzek, et al., 2020; Kuhfeld, Tarasawa, et al., 2020).
Renaissance Learning (2020), publishers of the STAR Math growth assessment, also
found that the effect of educational disruption related to the COVID-19 school closures was

1

The following equation was used to make this determination:
Growth = RIT Fall 1 – RIT Fall 2
• Cohort 1 Growth = 224.6 – 215.7 = 7.9
• Cohort 2 Growth = 222.8 – 215.8 = 7
• Cohort 3 Growth = 222.2 – 215.3 = 6.9
• Cohort 4 Growth = 219.9 – 215.0 = 4.9

The first 3 cohorts grew on average approximately 7 points from Fall 1 to Fall 2, and Cohort 4 grew 2 points less
than expected, then 2/7 = 28.6% was lost. 28.6% of a 36-week long school year is 10.3 weeks—approximately the
same amount of instructional time disrupted by the pandemic.
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greater for mathematics than for reading. Similar to findings using the MAP Growth estimate,
sixth-grade students lost eight percentile points following the pandemic when compared to their
expected performance. Researchers equated this difference to a loss of approximately 12 weeks
of instruction.
Figure 14

Mean RIT Score

Changes in Mathematics RIT Score by Cohort Over Time
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Persistent Opportunity Gaps
Prior to the COVID-19 pandemic, there was a well-documented achievement gap related
to income inequality (Jang & Reardon, 2019; Reardon, 2011). It is hypothesized that this gap is
due in part to the likelihood that students with economic disadvantage will live in households
with fewer educational resources (Bassok et al., 2016; Bumgarner & Brooks-Gunn, 2020) and
are less likely to have consistent access to high-speed internet and an array of computing devices
(Ryan, 2018). The closure of schools in response to the COVID-19 pandemic raised concerns
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that students with economic disadvantage would fall further behind due to a lack of resources
needed to access remote instruction. Results of this study were consistent with previous research,
finding large differences in performance between students with economic disadvantage and their
peers, regardless of cohort membership. The F statistic for difference was large and statistically
significant (Reading RIT Scores: F = 545.156, p <.001*), Mathematics RIT Scores: F = 577.785,
p <.001*).
Despite concerns that inequitable distribution of resources would lead to the widening of
existing performance gaps based on economic status, this study did not find a greater educational
impact for students with economic disadvantage following the COVID-19 pandemic. The overall
findings of this study—that reading achievement remained about the same and that mathematics
achievement suffered small negative effects—correlated with those of Kuhfeld, Tarasawa, et al.
(2020) who analyzed MAP Growth results of almost 4.4 million students nation-wide in the fall
of 2020. While researchers noted that their findings were better news than expected, Kuhfeld,
Tarasawa, et al. cautioned that their results may have been limited by the changes in the
population as a result of the pandemic. They noted that, due to changes in the delivery of
education in the period immediately following the pandemic, the 2020 sample was less diverse
and more affluent than previous cohorts of students.
Cohort Attrition. Kuhfeld, Tarasawa, et al. (2020) expressed a concern that their results
underestimated the academic impact of the pandemic-related school closures because their study
under-sampled vulnerable populations of students. For this reason, I conducted an analysis of
cohort attrition. I found that the cohort of students who experienced the pandemic lost 2–3 times
as many students as cohorts of students from the three previous academic years. This may have
been due to transience related to changes in the economy, to student enrollment in private or
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online schools that offered more traditional or stable instructional models than public schools, or
to an inability of students to access or engage with remote instruction. Despite these challenges,
the cohort analysis did not reveal statistically significant differences among the cohorts due to
attrition in reading. Differences appeared in mathematics, however, that may have introduced
bias. Students with economic disadvantage that were lost to attrition had lower mean percentile
ranks in the fall of fifth grade than their peers with similar characteristics in the previous three
academic years. Given this difference, it is likely that this study underestimated the impact of the
pandemic on mathematics outcomes for students with economic disadvantage. The reality may
be that these students started the 2020-21 school year even farther behind in math than estimated
by this study.
Summary
Research Question 1. Analyses conducted for this study did not reveal significant
differences in the fall reading outcomes of sixth-grade students who experienced the closure of
schools due to the COVID-19 pandemic in the spring of their fifth-grade year as compared to the
reading outcomes of students during the same time period in the three previous school years after
controlling for reading outcomes the previous fall. All four cohorts of students had similar
outcomes, whether or not they experienced disrupted instruction resulting from the pandemic.
Research Question 2. Analyses conducted for this study revealed significant differences
in the fall mathematics outcomes of sixth-grade students who experienced the closure of schools
due to the COVID-19 pandemic in the spring of their fifth-grade year as compared to the
mathematics outcomes of students during the same time period in the 3 previous school years
after controlling for reading outcomes the previous fall. Students who experienced the pandemic
showed less growth as measured by RIT scores and lost relative position as measured by
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percentile rank when compared to their peers from the previous three academic years. This
decline can be equated to a set-back of approximately 10 weeks of instruction. Cohort attrition
was a significant factor that may have introduced bias in this analysis, so these findings may
underestimate the impact of the pandemic on students’ mathematics outcomes.
Research Question 3. Analyses conducted for this study did not reveal significant
differences in the fall reading outcomes of sixth-grade students from economically
disadvantaged homes who experienced the closure of schools due to the COVID-19 pandemic in
the spring of their fifth-grade year as compared to the reading outcomes of economically
disadvantaged students during the same time period in the three previous school years after
controlling for academic outcomes from the previous fall. It is important to note that score
deficits associated with economic disadvantage were significant across all four cohorts of
students.
Research Question 4. Analyses conducted for this study did not reveal significant
differences in the fall mathematics outcomes of sixth-grade students from economically
disadvantaged homes who experienced the closure of schools due to the COVID-19 pandemic in
the spring of their fifth-grade year as compared to the mathematics outcomes of economically
disadvantaged students during the same time period in the three previous school years after
controlling for academic outcomes from the previous fall. Score deficits associated with
economic disadvantage were significant across all four cohorts of students. Cohort attrition was
found to be a significant factor affecting students with economic disadvantage. A higher
percentage of lower performing students with economic disadvantage was lost from Cohort 4,
introducing the possibility that means measured in the fall of 2020 were higher than they would
have been had these students been assessed. The attrition effect may have masked significant
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differences for students with economic disadvantage whose instruction was disrupted due to the
COVID-19 pandemic.
Overall Findings. Three overall findings emerged from this study. First, no adverse
impacts were identified in reading following the COVID-19-related closure of schools. Students
in Cohort 4, whose fifth-grade year was disrupted due to the pandemic, had similar reading
outcomes in the fall of sixth grade as their peers in the previous three academic years. While
analyses show that no new learning took place in reading from March to September, 2020, no
learning was lost either. This finding contradicts the expectation that significant amounts of
growth in reading would be lost as a result of the disruption to the educational system at the start
of the pandemic (Kuhfeld & Soland, 2020; Kuhfeld, Soland, Tarasawa, Johnson, Ruzek, & Liu,
2020; Kuhfeld & Tarasawa, 2020).
Mathematics findings contrasted with those of reading. While students maintained their
reading growth, negative effects were identified in mathematics. These negative effects were
smaller than expected (Kuhfeld, Soland, Tarasawa, Johnson, Ruzek, & Liu, 2020; Kuhfeld &
Soland, 2020; Kuhfeld & Tarasawa, 2020) but represented a loss of 8–10 weeks of learning. This
finding aligns with current data published by NWEA MAP and Renaissance Learning in the fall
of 2020 (Kuhfeld, Tarasawa, et al., 2020; Renaissance Learning, 2020).
Finally, findings from this study contradict the notion that students with economic
disadvantage experienced the pandemic differently than their peers (Allen & West, 2020; Hattie,
2020). Risk factors associated with poverty led to the expectation that students with economic
disadvantage would suffer greater negative effects than their peers as a result of the pandemic
(Bassok et al., 2016; Bumgarner & Brooks-Gunn, 2020; Jang & Reardon, 2019; Reardon, 2011;
Ryan, 2018). Findings from this study do not support this prediction. While economic
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disadvantage was found to have a statistically significant negative relationship with reading and
math outcomes, no additional adverse impacts were identified for students with economic
disadvantage following the pandemic.
Implications for Policy and Practice
Longitudinal analyses of MAP Growth data from students transitioning from elementary
to middle school over a four-year period, including data from students whose education was
disrupted by the COVID-19 pandemic in the spring of 2020, revealed several findings relevant
for school leaders as they plan for students’ return to traditionally-delivered, in-person
instruction following the pandemic. The findings and recommendations of this study are
presented in Table 40.
Allocate Instructional Time and Resources to Support Students’ Mathematical Development
Finding from this study and other research using current data from MAP Growth
assessments (Kuhfeld, Tarasawa, et al., 2020) and STAR Reading and Math assessments
(Renaissance Learning, 2020) point to a small, but significant decline in students’ mathematics
outcomes following the nationwide closure of schools in the spring of 2020 in response to
COVID-19. These analyses estimate that sixth-grade students started the 2020-21 school year 9–
12 weeks behind their expected level of performance. At the same time, little or no adverse
impact was identified in reading.
The differences in outcomes identified between mathematics and reading may be
explained by the differences in the nature of the two disciplines. Reading is inherently a selfextending process. Once a child becomes a proficient reader, they can maintain—and even
increase their skills—in this domain simply by continuing to read (Castles et al., 2018).
Mathematics, on the other hand, is a process-driven discipline with required skills and
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conceptual understandings that become increasingly more sophisticated as students progress
through the curriculum (National Mathematics Advisory Panel, 2008). During the period of
school closure, it is likely that students continued to have access to books and other text at home
(Bassok et al., 2016) and were therefore able to maintain their literacy skills. In contrast, by
missing 10–12 weeks of mathematics instruction, students likely would not have been exposed to
key concepts in the curriculum. Because mathematics is not a self-extending process like
reading, students started the 2020-21 school year missing concepts and skills they should have
learned the previous spring.
It is important to note that the learning trends, projections, and findings in this study are
based on current instructional practices. Changes in these practices can lead to changes in student
learning trajectories and academic outcomes. Because pandemic-related educational disruption in
the spring of 2020 caused students to fall behind in mathematics, educational leaders should
consider how to redesign instructional practices to accelerate student learning in mathematics.
Additional time and resources must be allocated to mathematics instruction, remediation, and
intervention in order to close gaps in mathematics that have arisen due to lost instructional time
and disruption to the educational system. This is no small task. Time and budgets are limited and
increasing resources in one area may mean giving something up in another. Yet, the creation of
school schedules and the allocation of instructional time and resources should not be a static,
prescriptive system. Instead, school leaders should approach schedule design as a dynamic and
creative process that changes as students’ needs change (Hibbeln, 2020). Following the
pandemic-related instructional disruptions, school leaders should conduct internal program
evaluations to determine how instructional time is currently allocated, how that time is used in
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practice, and where opportunities exist to create new learning experiences to support students’
post-pandemic learning needs.
In addition to reimagining instructional schedules to prioritize mathematical learning,
school leaders should seek opportunities to expand their professional staff by hiring additional
math teachers and specialists. Additional staff would allow schools to expand remediation,
intervention, and acceleration opportunities to include more students. Although this is an
expensive proposition, new sources of federal funding have become available to help schools
address gaps in learning that have appeared following the spring, 2020 closure of schools. In
March 2021, Congress passed $128 billion COVID-relief package to help the K-12 educational
system recover from the effects of the pandemic (Hough, 2021). A portion of these funds should
be invested in hiring math teachers and specialists ready to help students fill knowledge gaps and
accelerate their mathematical learning.
Implement a Progress Monitoring System Focused on Algebra Readiness Skills
Gaps in skill development and conceptual understanding in the area of mathematics that
emerged as a result of the COVID-19 pandemic should be of particular concern for educators
and leaders of middle-grade students. In upper elementary and middle school, students develop
skills necessary for success in algebra, including conceptual understanding of rational numbers,
number properties (like to distributive, communicative, and associative properties of addition
and multiplication), and algorithms (Ketterlin-Geller et al., 2015). These foundational skills are
important because a body of research indicates that high school-level algebra is a gateway to
more advanced coursework, and success in Algebra I is correlated with both high school
graduation and college enrollment (National Mathematics Advisory Panel, 2008). According to
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the NMAC report, students who complete Algebra II are more than twice as likely to graduate
from college than their peers.
Findings from this study indicate that fifth-grade students who experienced the pandemic
started their sixth-grade year approximately 10 weeks behind where they would have been had
the COVID-19 pandemic not disrupted their education. If gaps in mathematical understandings
that emerged as a result of the pandemic-related closure of schools remain unaddressed, then
students who experienced the pandemic may face long-term barriers that prevent them from
experiencing success in advanced coursework in high school that is a prerequisite for college and
career readiness (Ketterlin-Geller et al., 2015; Ketterlin-Geller et al., 2017). If teachers and
school leaders can identify these gaps early, however, they can design instruction and provide
intervention that targets students’ areas of weakness (Ketterlin-Geller et al., 2017). Educational
leaders should implement a progress monitoring system that measures the development of
conceptual understandings necessary for success in algebra (Ketterlin-Geller et al., 2015). By
analyzing data from these assessments, teachers and school leaders can make decisions about
which components of the curriculum to emphasize for all students, identify which students need
additional support to develop specific skills and understandings, and monitor students’ progress
towards algebra readiness.
Monitor Student Growth in Reading for Evidence of Delayed Effects
Findings of this and other studies did not reveal an adverse impact on reading outcomes
for middle-grade students immediately following the closure of schools in the spring of 2020 in
response to the COVID-19 pandemic. Students entered sixth-grade in the fall of 2020 at about
the same place as they would have had they not experienced the disruption to instruction caused
by the response to the pandemic.
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Long-term effects of the pandemic are still unknown, however (Kuhfeld, Soland,
Tarasawa, Johnson, Ruzek, & Lewis, 2020). Estimates made using pre-pandemic data predicted
that students would experience a significant decline in reading outcomes (Kuhfeld & Tarasawa,
2020). While these declines did not appear at the start of the 2020 school year, there remains a
possibility that the disruption to the delivery of instruction in the spring of 2020, followed by
additional changes to the educational delivery model, could ultimately result in a deceleration of
students’ reading achievement (Kuhfeld, Tarasawa, et al. 2020). In other words, it is possible
that, following the pandemic, students may learn at a slower rate as they recover and readjust to
school. While also focusing on accelerating student learning in math, school leaders should
monitor student growth in reading in order to identify if changes in students’ achievement begin
to appear. By identifying these declines early, educators and school leaders can make plans to
support students’ literacy development.
Prioritize Access and Equity for Transient Student Populations
An additional unanticipated concern raised by this study’s findings is the differential loss
of students who experienced the COVID-19 closure of schools. Findings from this study
revealed issues related equity for vulnerable student populations, including those with economic
disadvantage and those who struggle to access instruction due to factors like transience and poor
attendance. Across all four academic years, students from economically disadvantaged homes
and students who were lost to attrition had lower mean scores in reading and mathematics. In
addition, the cohort of students that experienced the COVID-19 pandemic had attrition rates two
to three times greater than those found in previous academic years. These students, especially
those who were economically disadvantaged, had lower mean percentile ranks in mathematics at
the outset of the study. It is possible that these students left the school system for economic
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reasons, that barriers, like lack of internet connectivity, kept them from participating in the
assessment, or that their families searched for other educational opportunities because they felt
that the public-school system was not adequately meeting their needs.
Differential attrition rates raise concerns that the educational system was not effectively
meeting the needs of all students prior to the pandemic and that the disruption to education
caused by the pandemic could have lasting adverse effects on learning and achievement for
transient students whose outcomes were underrepresented in this study, ultimately impacting
high school graduation rates, college attendance, and post-secondary earning potential (Duncan
et al., 2017; Farkas, 2011; Hanushek et al., 2019; Ketterlin-Geller et al., 2015). The COVID-19
pandemic exposed barriers to school engagement, including inequitable access to technology and
broadband internet (Ryan, 2018), job security and economic stability (Ettlinger & Hensley,
2020), access to community-based supports (Paschall et al., 2018), and level of parental
educational attainment (Reardon, 2013). For example, in a qualitative study reviewing parents’
Facebook posts, parents with lower levels of education reported feeling that they lacked
academic and technological skills needed to help their children engage in remote instruction
(Abuhammad, 2020).
As transient students return to public schools, policymakers and educational leaders need
to work together to identify and address the barriers to school engagement that these children
face. For example, to address barriers related to technology use, communities should invest in
making high-speed broadband internet accessible and affordable for all families. School systems
should partner with private industry to provide low-cost computing devices for students. To fully
address the issue of access to technology, school systems and community organizations will need
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to design and incentivize programs to bolster parents’ technological literacy so that the family
can fully engage in the school experience (Allen & West, 2020).
Table 40
Findings and Related Recommendations

Findings

Related Recommendations

Supporting Literature

In the fall of 2020, sixth-grade students
performed about the same in reading as
their peers whose education was not
disrupted due to the COVID-19
pandemic.

Monitor students for
evidence of delayed effects
in reading achievement.

Kuhfeld, Soland, Tarasawa,
Johnson, Ruzek, & Lewis,
2020; Kuhfeld, Tarasawa,
et al., 2020

Fifth-grade students whose education was
disrupted due to the COVID-19 pandemic
made less growth in mathematics from
the fall of fifth grade to the fall of sixth
grade when compared to peers from the
prior three academic years.

Allocate time and resources
to prioritize mathematics
instruction and
intervention.
Implement a progress
monitoring system focused
on algebra readiness.

Ketterlin-Geller et al.,
2015; Ketterlin-Geller et
al., 2017; National
Mathematics Advisory
Panel, 2008

Economic status and attrition were
statistically significant factors. Students
with economic disadvantage and students
were lost to attrition had lower
assessment scores than their peers in both
reading and math across all four cohorts.

Prioritize access and equity
for transient student
populations

Allen & West, 2020;
Paschall et al., 2018;
Reardon, 2013

Recommendations for Future Research
The purpose of this study was to investigate the effects of the COVID-19-related closure
of schools in the spring of 2020 on the educational outcomes of students who were transitioning
from elementary school to middle school. Based on a review of literature and the data analyses
from this study, several recommendations for future research emerge:
1. This study identified some adverse effects in mathematics and no adverse effects in
reading for students transitioning to middle school and who experienced the
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pandemic. This study did not investigate the impact on educational outcomes for
younger students beginning their formal schooling, for adolescents making the
transition from middle to high school, or for students preparing to graduate.
Identifying the effects on the pandemic-related closure of schools on these groups
will help educational leaders make short and long-term plans for student success.
2. This study attempted to isolate the effects of the initial period of educational
disruption in the spring of 2020 on student learning. Education continued to be
disrupted across the United States throughout the 2020-21 academic year as
communities attempted to mitigate the spread of the COVID-19 virus. Different
school systems in different states took a variety of approaches: some remained closed
for in-building classes, offering only remote access to instruction; other school
systems divided students into smaller cohorts and allowed each cohort to return to
school on certain days; and some school systems allowed students to return to
classrooms for in-building instruction for four or five days per week. In addition,
school systems implemented a variety of policies governing social distancing
practices, quarantining, and mask wearing. It is possible that these year-long
disruptions to the traditional instructional delivery model will have additional adverse
effects on student learning and may leave students vulnerable to learning loss.
Additional research in this area can inform school leaders’ instructional planning and
can inform decisions regarding school closure and educational access in response to
future crises.
3. A lingering question following the COVID-19-related school closures relates to the
impact of student engagement on learning. No adverse impacts on student learning
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were identified for reading, perhaps because students continued to have access to
books (Bassok et al., 2016). There is an opportunity for researchers to examine how
students spent their time during the COVID-19-related school closures and to
compare reading and math engagement during that time. Future research should
consider the following questions: How did students explore mathematics during the
pandemic-related closure of schools? Did they play math games and solve math
problems? Did they engage in reading and writing for pleasure? How did their math
habits compare to their reading habits, and do differences in habits explain the
differential outcomes in reading and math?
4. Specifically focused on mathematics, another possible area of investigation is the
trajectory of students in the mathematics curriculum to determine if the delay
experienced by students starting the 2020-21 school year will cause future sequencing
problems through middle and high school. Since conceptual understandings and skills
in mathematics are sequential and become increasingly complex as students progress
through their studies, there is a possibility that students, especially those affected by
economic disadvantage or transience, will graduate with lower levels of mathematical
content because they were not prepared for advanced mathematics courses. This
phenomenon, if left unchecked, could have long-term implications for college
admissions and students’ post-secondary opportunities.
5. Finally, teachers and school leaders report that their students, especially those with
economic disadvantage, are struggling academically as a result of pandemic-related
educational disruptions (Kamenetz et al., 2021). These concerns are at odds with the
findings emerging from this and other studies which reveal little to no adverse impact
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in reading outcomes and small adverse impacts in math outcomes (Kuhfeld,
Tarasawa, et al., 2020; Renaissance Learning, 2020). Additional qualitative research
is needed to examine why teachers’ perceptions of the impact of the school closures
on student learning do not align with student performance on quantitative
assessments.
Summary
The COVID-19 pandemic resulted in a disruption to the K-12 educational system in the
United States that was unprecedented due to its scale and duration. School closures affected
more than 50 million students in all 50 states from March 2020 through the end of the school
year (Decker et al., 2020). These closures also disrupted longstanding accountability and
assessment systems, making it difficult for state and local leaders to assess the short-term impact
of the school closures on student learning. There was concern that vulnerable students, like those
experiencing school transitions and those from economically disadvantaged homes, would suffer
more adverse impacts than their peers.
The purpose of this study was to investigate the short-term impacts of the COVID-19
pandemic and the school closures that occurred in the spring of 2020 on student learning. Using
reading and mathematics MAP Growth data from four consecutive academic years, this study
compared changes in student outcomes to determine if students, especially those w ho had
economic disadvantage, had different academic outcomes than their peers. Research concerning
typical student learning trajectories, patterns of summer learning loss, and existing academic
achievement gaps was used to develop the hypothesis that fifth-grade students who experienced
the pandemic would begin sixth grade significantly behind their expected level of performance.
Findings from this analysis revealed that students maintained their levels of reading
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achievement, but showed less than expected growth in mathematics. Socioeconomic status was
identified as a statistically significant factor impacting reading and mathematics achievement for
all four cohorts of students, whether or not they experienced the pandemic. In addition, students
who were lost to attrition began the study with lower performance than their peers. These two
factors have important implications for educators and policy makers as schools begin to reopen
for traditional, in-building instruction. In order to mitigate these short-term impacts and ensure
student learning over the long-term, educational programs developed in response to the
pandemic must account for both changes in students’ academic achievement and the barriers
students face related to economic status and attrition.
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